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This  report  analyzes  the  artificial  flooding  potentialities  along 
the  INN,  SAIZACH,  TRAUN,  and  INNS  Rivers  of  the  AUSTRIAN  ALPS « It 
affords  an  over-all  review  of  bhB  relative  artificial  flcodihg  jtessi- 
bilixies  of  the  area,  as  well  as  more  detailed  examination  of  results 
. attainable  at  those  locations  and  sites  where  conditions  are  most 
. favprable  for  artificial  flooding  operations  haring  significant  milt- 
...  tary  affects  > ■ '('■ 

The  most  significant  results  would  be  attained  by  operation-  of  the 
large  gates  of  trie  "mr-of-the-river"  weirs,  locate!’  in  the  lower 
. reaches  of  the  INN  ana  3NNS  Rivers  to  produce  large  and  rapid  stream- 
. flow  variation?  1.  .ihwh  stages  would  rapidly  rise  1 to  10’ meters  and 
peak  velocities  range  from  3 to  6 meters  per  seoortd « While  durations 
would  be  short,  (from ‘about  1 to  12  hours),  repeated  cyclic  variations 
oould  be  achieved  by  coordinated  opening  and  closing  irf  tb'’- gates  cf 
several  weirs.  Releases  from  the  smaller  outlets  of  other  dams,  in  the 
airea  would  not  produce  significant  streamfldw  variations  along  tlv  major 
streams  of  the  area. 

Significant  artificial  * lood  waves  could  also  be  ere.  • - • by  Dr^ach- 
ing  of  those  hydroelectric  power  dams  that  impound  large  - lames  of 
water.  Although  the  storage  capacities  of  most  are  rather  st#% 
breaching  of  dams  at  larger  reservoirs,  like  the  UMBERG  D?-;  in  tne 
SAIZACH  River  basin  or  the  SALZA  Dam  in  the  SINS  River  basi xit  wo-old 
cause  rises  in  stages  of  1 to  7 meters  above  normal,  with  velocities 
of  2 to  6 meters  per  second  and  flooded  widths  of  as  much  as  1 kilo- 
meter in  some  nlaces  during  the  crest  of  the  wave.  The  INU-SALZAGH 
basin  probably  contains  more  such  possibilities  than  other  regicnb* 


Long  flood  waves  of  several  days  duration  c-  ’d  be  created  along 
the  TRAUN  River  by  breaching  of  several  temporary  dams  at  tire  outlets 
of  the  several  large  lakes  of  the  region,  when  lake  levels  had  pre- 
viously been  raised  1 to  2 meters  above  normal.  Flooding  of  the  flat 
flood  plain  along  the  lower  reaches  of  the  TRAUN  to  widths  of  100  to 
700  meters  could  Ihus  be  effected  by  the  resulting  1 t)  4 meters  rise 
of  stage.  Peak  velocities  of  as  high  as  3 rmters  per  second  could 
exist  in  places.  Breaching  of  the  many  snail  nri.il  weirs  along  this 
river  would  produce  seme  local  flood  wave  effects  immediately  dewn- 
3 bream  from  the  breached  structures. 

Possibilities  for  artificial  flooding  by  means  of  Stillwater 
barriers  or  drainage  obstacles  are  not  too  favorable  in  this  area  due 
to  the  prevailing  steep  gradients.  Erection  of  temporary  dams  at 
cons  tide  ted  sections,  coupled  with  breaching  of  levees  and  disruption 
of  drainage  facilities,  could  oreate  shallow  Inundation  of  lew-lying 
reclaimed  marshy  areas..  Such  locations  do  exist  in  flatter  sections 
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that  occur  above  gorges  and  in  ancient  glacial  lake  beds  and  basirs 
along  the  middle  reaches  of  the  rivers,  as  well  as  along  the  lower 
reaches  near  the  confluences  with  the  DANUBE*  Breaching  of  dikes 
and  destruction  of  normal  drairage  facilities  during  natural  or 
artificial  flood  periods:  could  alsd  create' suoh  floodir^.  ,» 

Artificial  flo‘/uing  measures  would  hinder.  installation  and  open*- 
ation  of  floating  bridges,:  and  military  ferrying.. and  fording  open- 
aMons,  when  fixed  bridges  had  be®*  destroyed  by  demolition  or  botching. 
Trafficability  and  maneuverability  ir.  inundated  terrain  adjacent  to  the 
streams  could  be  impeded;  but  only  flight  disruption  of  traffic  along 
major  roads  and  railways  along  the.  sides  of  the  valleys  could  be  ex- 
pected due  to  artifieiai  flooding  operatioiisi  . - 

Continuous  military  support  of  the  temporary  or  permanent  detn 
installations  rnuld  >**  caeca ry  to  prevent  the!;-  detraction  by  enemy 

air  or  ground  action.  Destruction  or  failure  of  a dam  would  release  a 
flood  wave  of  short  deration  that  would  tc.  porariiy  jr  event  or  harass, 
crossing  operations  and  might  cause  failure  of  t tier  dew-  stream  struc- 
tures • Breaching  of  permanent  dams  or  dama^  to  the  operating  mechan- 
ism woujJ  prevent  useful  opera ti cm  of  the  gates,  especially  for  cyclic 
wave  operation.  Such  destruction  by  enecy  action  would  also  prematurely 
rtf.  ease  flood  waves  that,  could  Milder  movement®  of  w**  forces  below  the 
dams.  Deliberate  demolition  of  those  structures  would  prevent  their 
use  by  the  eneny  during  a later  critical  period.  . 
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SPECIAL  ENGINEER  STUDY 
ARTIFICIAL  FLOODING  POTENTIALITIES 
AUSTRIAN  ALPS 

(INN,  SALZACH,  TRAUM  & BINS  RIVERS) 
SECTION  I 
iNTRGDUC  TEON 


1-01  ASSIGNMENT* 

This  study  was  assigied  to  the  Military  Hydrology  Branch;, 
Washington  District,  by  letter  from  Office,  Chief  of  Engineers,  ENG^E, 
to  the  Division  Engineer,  North  Atlantic  Division:  subject,  "Military 
Hydrology  R&D  Project  No*  8-72-12-001*.  Special  Assigunenv*  dated 
9 January  1953* 

1-02  PURPOSE  AND  SCOPE. 

a*  This  report  presents  information  regarding  the  hydraulic 
effects  and  nature  of  artificial  flooding  potentialities  along  the 
INN,  SALZACH,  TRADN,  and  ENNS  Rivers  of  the  AUSTRIAN  ALPS. 

b0  The  study  consists  largely  of  a compilation  and  consol  Ida— 
tion  ‘*1  information  presented  in  various  intelligence  documents  and 
f-bcruiisax  publications,  with  certain  supple  'cntary  analyses  and 
aiseusrfions.  The  data  and  information  forming  the  basis  of  this 
report  were  limited  to  that  available  in  the  Washington,  D.  C.  area, 
or  obtainable  from  other  sources  within  the  time  allotted  for  the 
study.  Detailed  analyses  were  limited  to  factors  considered  to  have 
the  maximum  military  effect.  A generalized  qualitative  evaluation 
was  unde  of  the  less  critical  elements  in  order  to  determine  their 
relative  possibilities.,  A complete  investigation  of  the  entire 
would  require  considerably  more  engineering  data.  Such  an  investiga- 
tion probably  would  yield  quantitative  results  which  would  furnish  a 
more  cbmplete  and  detailed  view  of*  the  artificial  flooding  poten- 
tialities of  the  rivers  of  the  AUSTRIAN  ALPS. 

« » 

c.  Tte  report  is  designed  to  furnish  basic  data  and  results 
of  analyses  needed  to  answer  questions  concerning: 

(1)  Normal  and  extreme  stages,  discharges  and  velocities 
at  key  stations  or  tho  INN,  SALZACH,  TRAUN  and  ENNS  Rivers. 

(2)  Stream  characteristics  including  gradients,  depths,  and 
widths  of  channel  and  flood-plain  on  those  streams. 
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(3)  Date  concerning  locations  and  zero  elevations  or  Key 
gaging  stations. 

(4)  Data  concerning  locations  ard  dimensions  of  dams,  lakes* 
and  reservoirs. 


(5)  The  extent  o**  flooding  possible  by  erection  of  tenporary 
dams  or  disruption  of  drainage  and  irrigation  facilities. 

(6)  The  magnitude  and  duration  of  flood  waves,  ari  flow  vari- 
ations created  by.  braaefcin^  or  rpgplatod  discharge  from  the  dams, 
lakes j and  reservoirs,  | and. ;the  effect  on  military  bridgingand  cross- 
ing operations. 

1-Q3  ARRANGEMENT . 


This  report  is  subdivided  as  follows: 


lr04 


Section  I • 
Section  n 

Section  III 
Section  IV 
Section  V 
Bibliography 
Tables 


Tu'-J^^ction 

Pi  - : inagb  Bdsin  0 haracter  is  tics; » : 
.'and  Developments 
Hyd'r  jlbffLr  Characteristics 
Aitifl.cia_  Flood  Potentialities 
Effect!  pn  Military  Operatlofis  v •?. 


Plates  . 
Exhibit  A 
Exhibit  B 
Exhibit  C 
Exhibit.  D 


Hydraulic  Developments  in  the  INN  River  Basin 
Hydraulic  Developments  in  the  SALZaCH  River  Baqin 
Hyd ra^lic . Developments  In  the  • TRADN  Ri ver  Basin 
Hyir^ulife ; Developments  in  the-  BN  NS  - River'  Baain 


DEFINITIONS,  AND  REFERENCE  DATPMV 


a.  Equivalent  Eiyllsh-tye^ric  Terms1*  ftost ■ values  used  in  iftis 

report  are  in  the  Metric  Syatan.  /Cjwversloft'  factors  or thq  English, 
and  Metric  systems  are  presehVdd  - reference-  -in  Thhie  1* 

b.  Abbreviations. 

(1)  The  following  abbreviations  are  used  in  this  report: 


cm 

centimeters 

h 

hours 

ha 

.hectares 

* ,;  <z-  < 

ta»3  ' 

cubic  hedtanoters 

(iA 

to 

kilometers 

to2 

square  kilometers 

m 

meters 

m/sec 

meters  per  second 

m-VRec 

cubic  meters  per  second 
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c.  Hydrologic  leans.  Special  hydrologic  abbreviations,  in  con- 
formance witn  standard  German  and  Austrian  hydrologic  practice,  are 
defined  in  Table  2. 

d.  Elevation  Datvra.  Elevations  are  in  meters  above  the  Adriatic 
Sea,  "meters  ueber  Adria"  (m.u.A.),  the  standard  Austrian  altitude 
datum  unless  otherv.lsa  indicated. 

e.  River  Distances.  In  this  report,  distances  art  expressed  in 
kilometers  measured  upstream  from  the  river  mouths,  corresponding  to 
that  used  in  official  Avis  trian  hydro  logic  publications  cited  as  Refer- 
ences 1 and  2 in  the  Bibliography  of  this  report. 

f . Maps  The  drainage  basins  of  the  rivers  of  the  AUSTRIAN 
ALPS  are  covers  jy  ohe  standard  American  AMS  (Army  Map  Service)  and 
British  GSGS  (Ge  .-graphic  Section  General  Staff)  map  series  listed  in 
Table  3 . 

g.  Grid  Systan.  Grid  references  cited  in  this  report  are  to 

the  1.000  meter  "Universal  Transverse  Mercator®  (UTM)  Grid  System  unless 
otherwise  designated. 

1—05  HEFEREMC  ES . 

All  references  cited  in  this  report  are  listed  in  the  Bibliography 
following  Section  V of  the  text. 
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SECTION  n 

DRAINAGE' CHARACTERISTICS  AND  DEVELOPMENTS 


2-01  GENERAL. 

a.  The  INN  River  joins  the  DANUBE  from  the  south  at  PASSAU, 
abort  2225  km  above  the  mouth  of  the  DANUBE . The  source  of  the  INN 
is  near  the  Swiss  Alpine  village  of  ST,  MORITZ  at  an  elevation  of 

2480  meters  above  sea  level.  The  stream  fltws  generally  northeastward, 
entering  AUSTRIA  at  MARTINSBHJCK..-  Of  the  total  length  of  about  500  kfti, 
the  upper  100  km  lies  in  SWITZERLAND,  the  middle  200  km  in  AUSTRIA,  • 
and  the  lower  200  km  in  GERMANY.  An  area  of  approximately  26,000  km* 
is  drained  by  this  river.  The  SAL  EACH  is  the  most  important  Austrian 
tributary,  joining  the  INN  near  the  border  town  of  BRAUNAU,  about  68  km 
above  the  mouth  of  the  INN.  Another  important  Ge/.’man  tributary  is  the 
ALZ  which  joins  the  INN  near  the  mouth  of  the  SALZACH.  Most  of  the 
other  tributaries  are  short,  steep  mountain  torreiibs  . The-  important 
route  to  BRENNER  PASS  joining  the  northern  or  AUSTRIAN  TIROL  with  the 
southern  or  ITALIAN  TYROL  follows  the!  valley  of  the  SILL  (WIPPERTAL), 
tributary  to  the  INN  River  at  INJSBHJCW.  Reference  is  made  to  Plate  1 
for  a general  map  of  the  area  and  to  Plate  2a  for.. a river  basin  map  of 
Lie  upper  and  middle  roaches  of  the  INN  River. 

b.  The  SALZACH  River  is  tributary  to  the  right  bank  of.  th=A  INN 
River  68  km  above  the  mouth  of  the  latter.  It  rises  in  the  XITZBUKLER 
ALPS  near  GERL0S  PASS  and  flows  eastward  for  about  81  ’km  to  ST.  JOHANN 
3M  PONGAU,  There  it  turns  northward  -Upward  the  INN.  The  lower  59  km 
fame  the  border  between  BAVARIA  :and  AUSTRIA;  the  rest  of  the  226  km 
length  lies  entirely  within  A IB  TRTA  , An  area  of  6730  km  ccmpiises 
the  drainage  basin  of  the  SALZACH,  a map  of  which  appears  on  Plate  2b. 

c.  The  TRAUN  River  basin  of  4280  km2  is  surrounded  by  the  INN, 
SALZACH,  and  EN NS  River  basins.  The  TRAUN  . isf armed  by.  the.  confluence 
of  the  ALTAUSEIR  TRAUN  and'  G&UNX  TRAUN  near  BAD  ADS  EE . The  river  :i.. 
flows  generally  n' -rthward  for  about  150  km  tef  join  the  DANUBE  near  LINZ. 
Ihe  region  is  characterized  by  a number  of  deep  glacial  lakes,  notably 
the  HALISTAETTER  SEE  anti'  TRAii.J  SEE  on  the  'TRAUN,  the  V/0LFGA.NG  SEE  on 
the  ISCHL  tributary,'  and:  MOND  SEE  and  ATTER  SEE  on  the  AGER  tributary . 

A stream,  known  as  the  MCEHLBACH,  closely  ‘parallels  the  left  bank  of 
the  lower  25  km  of  the  "'TRAUN,  and  is  c .rsidered  part  of  the  TRAUN  River 
complex.  The  relation  of  the  TRAUN  to  the  other,  river  basins  the 
AUSTRIAN  .ALPS  is  shown  b'y  the  general  map,  Plate  1.  The  *'Wi  network 
of  ths  TRAUN  River  basin  appears  nn  Plate  2c. 

d„  The  ENNS  River  rises  near  RADSTADT  on  the  northern  slope  of 
the  NIEDEREN  TAUERN  Alpii>e  region,  Ths  stream  flows  eastward  for-  120  km 
to  H3EFLAU,  thence  northward  for  approximately  130  km  to  join  the  DANUBE 
near  MAUTHAUSEN , 180  km  upstream  freer.  VIENNA,  The  ENNS  valley  provir1 
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one  of  the  major  lines  of  movement  across  the  difficult  mountain 
country  of  central  AUSTRIA.  The  valleys  of  the  left  sidp  tributaries, 
with  the  exception  of  the  STETfR,  are  much  shorter  than  :ose  of  the 
right  t The  course  of  the  ENN3  River  is  shown  on  the  general  map, 

Plate  1 and  on  the  river  ok  sin  map,  Plate  2d. 

2—02  TOPOGRAPH. 

a*  The  General  Terrain  of  this  region  is  extremely  rugged,  con- 
sisting of  high  Alpine  mountain  ranged  with  deep  glaciated  valley 
troughs.  The  mountains  are  2000  to  4000  meters  above  sea  level. 

Several  important  passes  (e.g«,  the  RESCHEN  SCHEIDECK,  BRENNER  and 
SCHOBER)  provide  ccmmuriication  across  the  Eastern  and  Central  Alps. 
Movement  in  this, region  is  mostly  confined  to  the  stream  valleys, and 
transverse  passage  between  river  valleys  is  extremely  difficult. 

Detailed  descriptions  of  the  topography  of  the  region  are  contained  in 
the  documents  listed  as  Ref erences  3 through  10  in  the  Bibliography  of 
this  report.  Abstracts  from  those  documents  are  included  in  Exhibits 
A through  B of  this  report.  Salient  topographic  features  of  individual 
river  basins  are  outlined  in  f olio //in  g subparagraphs  • 

b.  The  INN  River  follows  a relatively  low-lying  broad  .trough 
through  the  ALPS,  falling  steadily  fran  1027  m.u.A.  at  MART3NSBHJCK 
(Km  416)  to  784-  m,u.A.  at  LANDECK  (Km  375)  and  to  480  m*u.A«  at  EUTSTEIN 
(fin  220).  The  lower  portion  in  Ourmsny  and  along  the  border  consists 
of  narrow  gorges  alternated  with  ** airly  wide  valley  sections.  The 
streams  tributaiy  to  the  middle  reaches  of  the  INN  have  cut  steep  and 
narrow  transverse  gorges  that  fall' abruptly  into  the  deep  valley  of 
tie  INN  w.ith  alluvial  fans  at  their  c. influences.  The  3IIL  07XFPERTAL) 
tributary  (Km  2Q5)  is  the  most  important  transverse  valley  as  it  leads 
to  the  vital  BRENNER  PASS.  The  gradient  of  the  INN  River  is  illustrated 
on  the  river  profiles.  Plates  3a  to  3®» 

0,  The  SALZACH  River  valley  is  set  deep  in  the  heart  of  the 
Alpine:  region  and  is  mainly  of  glacial  origin  . In  its  upper  reaches 
the  stream  is  almost  torrential  but  the  gradient i flattens  out  near 
fin  210  and  the  trough  widens  to  foxra  a flat  wide  valley*  Tributaries 
drop  sharply  into  the  main  valley  with  extensive  alluvial  fans  at  the 
confluences  (The  .KDIMIER  ACHE  (fin  212)  has  a sill  450  m high;,  r Near 
BHJCK  (fin  160)  the  valley  progressively  narrows  to  a deep  gorge  extending 
to  ST.  JOHANN  (fin  127).  Between  there  and  WERFEN  (fin  111),  the  valley 
widens  to  400-500  m and  emerges  near  COLLING  (fin  94)  .into  a magnificent 
flat— floored  trench,  nearly  2 km  in  width.  At  SALZBURG  (fin.  66),  the 
river  enters  the  ALPINE  F ORE  IAN  D,'  where  it  crosses  the  basins  of  several 
ancient  lakes.  Before  its  course  was  regulated,  iu  spread  widely  across 
an  extensive  flood  plain  with  flat  terrain  on  the  German  side  of  the 
river.  The  variation  in  gradient  can  be  observed  on  the  river  profiles, 
Plate3  3d  and  3e. 
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d.  The  TRAUN  River  basin  has  been  heavily  glaciated  vriLth  the 
consequent  forrmtion  of  trough- like  valleys  and  extensive  lake  basins. 

The  headwaters  -if  the  TRAUN  are  shallow  torrential  mountain  streams 
that  drain  into  the  AUSSEF  basin.  The  TRAUN  continues  through  the  gorge 
of  the  semicircular  KOPFENTAL  (valley),  the  fjord-like  HALLS TAETTER  SEE 
(lake),  the  densely  populated  GOISERN  and  BAD  ISCHL  basins  (separated  by 
the  LAUFFENER  bottleneck).  From  ISCHL  (Km  1Q3)  to  EBEN SEE  (Km  87)  it 
passes  through  a narrow  valley  to  enter  the  TRAUN  SEE,  a lake  surrounded 
by  wooded  mountains.  The  river  flows  in  a narrow,  forested  and  un- 
traffic  able  canyon  from  GMUNDEN  (Km  72)  to  LAMBACH  (Km  47),  where  it 
emerges  onto  a wide  lcr.7la.nd  where  the  riverbed  is  bordered  by  a wooded 
flood  plain  as  far  as  its  juncti  n with  the  DANUBE.  Reference  is  made 
to  Plate,  3f  for  general  profile  of  the  TRAUN. 

e.  The  ENNS  River  valley  ab>ve  r®G'  (Kfo  135)  is  a broad  flat- 
flo  -rcd  glaciated  trough  bounded  by  steep: walls.  • Above  SCHIJU3M3NO 

(Pin  212),  the  valley  is  relatively  narrow  and  irregular  and  has  a steep 
gradient.  From  SCHLADMING  tc  r/ENG,  the  gradient,  is  flatter.  In  this 
reach  the  valley'is'an  open  trough  filled  yrxth  al3u\la.l  deposits  with 
numerous  swampy  cutoffs. and .abandoned  meanders.  Belfw  'TEN  G the  river 
enters  a 17-km  long  narrow  gorge  known  as  the  •GESAEGSE11  which  extends 
nearly  to  LAINBACH  (Km  il3)«  Downstream  of  that  point,  the  ENNS  gradient 
flattens  and  the  strewn,  .passes  through  a number  < f narrow  gorges  alter- 
nated with  wider  terraced  basins.  At  TERN  BURG  (Km  48}  the  valley  widens 
and.  the  river  f Iws  through  symmetrical  meanders  incised  5 to  30  m 
belov?  the  neighboring  terraces.  Plate  3g  indicates  tPie  gradient  variations 
of  the  river,.  - - 

* "i 

3-03  GEOLOGY. 


Ihe  geologic  and  structural  formation  of  this  mountainous  ireglx-  of 
AUSTRLi  is  complex  and  variable.  The  central  crystalline  ore  of  the  Alps 
is  flanked  on. the  n 'rth  by  a massive  zone  in  which  limestones  predominate 
along  witq  sandstone  and  shale.  /Farther  north  is  a narrow  broken  fringe 
of  grey- Shale  “interlaced  with  sandstones  known  to  the  Germans  as  •Flysch.* 
The  upper  reaches  of  the  INN  and  ENNS  follow  the  west-east  Contact  zone 
between  the  crystalline  and  limestone  rock.  Glacial  action  and  subsequent 
erosion  by  wind  and  water  have  had  c ns  id  enable  influence.*  The  stream 
valleys  qre  filled  with  alluvium  and  ther  sediments  from  latdral  torrents 
and  from 'old  glaciers.  Alluvial  fans  are  prominent  at  the  confluences  of 
torrential  tributaries.  The  rugged  m untain  ranges  consist  of  rock, 
often  bare  but  sometimes  covered  with  a thin  ouil  cover  as  indicated  on 
the  soils  map,  Plate  4.  Detailed  geologic  information  may  be  found  in 
References  3 to  8. 

2-0/  DRAINAGE  AREAS, 

* . . • ’ • 

Drainage  areas  along  the  INN,  SAnZACH,  TRAUN  and  ENNS  Rivers  are 
included  on  the  graphs  of  Plates  3a  to  3g.  The  drainage  area  of  the 
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DANUBE  above  the  mouth  of  the  INN  is  approximately  50,500  km2  and  below 
the  mouth  of  the  ENNS  about  90,600  km.  Table  4 lists  drainage  areas 
at  key  gages . A tabulation  of  drainage  areas  of  the  rivers  as  listed 
in  References  6 and  lb  follows: 

River  Drainage  Area,  (km2; 

26;131.0 

6,733.7 

4.240.4 

6.080.4 

2-05  GRADIENTS  AND  PROFILES, 


INN 

SALZACH 

TRAUN 

ENNS 


Stream  gradients  are  generally  steep,  especially  in  the  upper 
Alpine  reaches.  Some  streams  like  the  SALZACH  and  ENNS  have  relatively 
flat  gradients  in  their  middle  reaches,  but  then  drop  sharply  through 
gorge  sections  as  may  be  seen,  on  the  river  profiles  of  Plates  3a  to  3g* 
A tabulation  of  average  gradients  on  the  major  streams  follows* 


Reach 
INN  R. 

MA  RTINSBHJ  C K-MAGERB  ACH 
MAGEHBACH— SUL  R* 

SILL  R.-REISACH 
REISAC  H-NDUTH 
SALZACH  R. 

S0UXMALD 
WALD-BHJCK 
BRUO  K— GASTEINER  ACHE 
QASTE1NER  ACHE-GOLLING 
G0IX3N  G-SALZBLRG 
SALZBURG-MOUTH 
TRAUN  R. 

ALT  AUSEER  SEE-HALISTAETTER  SEE 
HALLS  TAETTER  SEE-TRAUN  SEE 
TRAUN  SEE-MOUTH 
EErS  ft. 

PFE1SSL3N  GBACH-AIC  H ASSACH 
A’lCH  AaSACH-KENG 
TOG-GROSS  RE  IF  LING 
GROSS  REIFLIN  G-MDUTH 

2-06  CHANNEL  DEPTHS. 


Average  Gradient 


River  Rn 

m/km 

416-343 

5.1 

343-295 

1.9 

295-209 

1.2 

209-  0 

0.8 

225-210 

96.0 

210-162 

2.4 

162-142 

6.2 

142-  94 

3.5 

,94-  66 

1.8 

66-  0 

1.1 

139-126 

9.6 

118-  85 

2.6 

73-  0 

2.4 

294-201 

6.6 

201-135 

1.2 

135-107 

6.2 

107-  0 

1.8 

Except  in  tne  upper  reaches,  the  major  rivers  are  fairly  deep, 
ranging  generally  from  1 to  3 m deep|  however,  the  strean  bottoms  are 
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quite  irregular  and  only  at  a few  spots  is  fording  feasible*  Considerable 
erosion  of  the  stream  bottoms  is  continually  talcing  place  at  some  loca- 
tions and  silting  of  the  bed  at  other s.  Depths  are  increased,  fiord  1 to- 
10  meters  inmediately  up  strewn  from  the  many  hydroelectric  power  dams 
and  small  mill  weirs,  depending  upon  the  height  of  the  structure.  At 
mean  Icy;  water  (MNW),  depths  are  0,2  to  0.5  m lower  than  at  mean  water 
(M7).  Mean  hi-'h  water  (Mritf)  stages  range  from  0.5  to  2.0  m above  MW 
depth.  Fceferences  2 to  9 contain  information  on  river  depths  at  specific 
locations.  A tabulation  of  representative  average  depths  follows: 

Reach  River  Khi  Dept"  at  MW  (m)  ' 


INN  R. 


MART  INSB  HU  C K-LANDEC  K 

416-375 

0. 5-1.5 

LANDECEr-SALZACH  R. 

375-  68 

1.5-3. 5 

SALZiiCH  R. -MOUTH 

68-  0 

3. 5-5. 5 

3ALZACH  R. 

S0URC  E-BHUCK 

225-162 

0. 5-2.0 

3RUC  K— 00LIIN  G 

162-  94 

1. 5-4.0 

00 1 .LING-MOUTH  ' 

94-  0 

1,0-3. 5 

TRAIN  R. 

ALT  AUSEER  SEE-HALISTAETTER  SEE 

139-126 

1.0-3 ,0 

HALLSTAETTER  SEE-TRAUN  SEE 

118-  85 

1.5-3 .0 

TRAUN  SEE-MOUTH 

73-  0 

1.0-3 .0 

ENNS  R. 

RADSTADT-EEN  G ‘ 

231-135 

0.5-1, 5 

Ti/ENO-GROSS  RIEFUNG 

135-107 

1.5-2. 5 

GROSS  RIEFLIN 0- MOUTH 

107-  0 

1,5-3. 5 

2-07  CHANNEL  AND  FLOOD  PLAIN  WIDTHS. 


In  general,  streams  are  narrow  in  the  mountainous  headwaters  and 
fairly  wide  ‘in  the  lower  reaches  near  the  DANUBE.  In  many  locations, 
the  banks  have  been  revetted  and  diked  to  minimize  erosion  and  meander- 
ing. Construction'  of  dams  across  the  streams,  especially  ; in  the  lower 
INN  River  valley  has  resulted  in  appreciable  increase  of  width  in  the 
pools  above  the  dans.  On  most  of  the  streams,  narrow  gorges  alternate 
with  wider  basins  or  old  glacial  lake  beds*  Steen  walls  constrict  the 
flood  plains  in  the  gorges  to  less  than  500  m.  Valley  widths  in  the 
basins  range  from. 0,5  to  ovef*  1.5  km,  and  are  c.  fieri  marshy  and  poorly- 
drained.  However,  in  many  cases  the  streams  are  incised  deeply  below 
the  terraced  valley  floor  so  over  bank  flooding*  is  unlikely,  -/here 
danger  of  flooding  exists,  levees  restrict  its  extent.  A tabulation  of 
representative  normal  river  widths  is  given  below:  ' 
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Reach 

River  Km 

Channel  Width  (m) 

INN  R. 

• 

• 

MARTINS  BRUC  K-LANDEC  K • 

416-375 

20-60 

LANDED  K-  REIS  AC  H 

375-208 

50-120 

RELSACH-MDUTH 

208-  0 

120-250* 

SAL  ZAC  H R. 

WALD-BRUCK 

210-162 

10-  3 0 

BRUGK-GOLLING 

162-  94 

2C-  70 

GOILIN  G-MOUT  H 

94-  0 

60-120 

TRAUN  R.  . 

. 

ALT  AUSEER  SEE-HALL5  TAET  TER  SEE 

139-126 

15-  40 

HALIS  TAETTER  SEE-TRAUN  SEE 

118-  85 

40-120 

TRAUN  SEE-MOUTH 

73-  0 

40—  x40 

ENNS  R. 

RADSTADT-'TENG  . 

231-135 

10-  70 

TEMG-GR0S3  RIEFLING - 

135-107 

50-100 

GROSS  RIEFLING-MOUTH 

107-  0 

30-300 

* Pools  above  dams  have  widths  up 

to  nearly  1000  m in  places. 

2-08  NAVIGATION » 

■ • 

The  INN,  SAIZAGH,  TRAUN  and 

ENNS  cann  t 

be  classed  a.s  navigable 

rivers.  The  steep  gradients,  variable  depths. 

and  swift  currents  of 

these  Alpine  streams  minimize  possibilities  for  navigation.  However, 
during  the  Middle  Ages  and  even  up  t the  start  of  the  present  century, 
traffic  by  rafts,  barges,  and  small  craft  did  assume  considerable 
economic  imp- stance  in  the  region.  Some  d ?wnstream  rafting  of  t inter 
still  occurs.  In  some  localities,  barges  haul  stone  and  construction 
material  for  river  regulation  works  • but  such  movements  are  only  for 
short  distances  within  individual  dam  pools.  The  power  dams  built 
across  the  streams  do  n-~»t  have  navigation  locks.  On  the  TRAUN,  many 
of  the  old  ana  11  weirs  have  facilities  f~r  passage  uf  rafts.  Naviga- 
tion by  steamers,  motor  boats,  and  ferries  is  possible  on  the  indivi- 
dual deep  lakes  in  the  TRAUN  'River  basin. 


*1 


rynmrr  r nrrrw 


The  many  hydroelectric  dams  and  reservoirs  in  the  mountainous 
headwaters  do  not  provide  sufficient  storage  for  significant  regulation 
of  flow  for  flood  control,  irrigation,  or  navigation.  The  lakes  in  the 
TRAIN  River  basin,  however,  considerably  moderate  flood  flows.  The 
*run-of-th e-river*  dams  and  weirs  have  sufficiently  large  outlet  and 
gate  capacities  to  pass  even  extreme  flood  flows.  Considerable  vari- 
ation exists  between  low  and  high  stream  flows.  Frequent  dredging  of 
the  streams  is  necessary  due  to  the  large  amounts  of  sediment  and  eroded 
material  washed  into  the  main  rivers  from  the  torrential  tributaries. 
Channel  rectification  ard  bank  revetments  are  common  along  extensive 


reaches  of  the  river  courses. 
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3-10  DAM3  AND  RESERVOIRS* 

a.  Hydroelectric  Dams.  Numerous  tyd roe lee trie  projects  are 
located  on  the  streams  of  the  AUSTRIAN  ALPS.  Mo3t  of  those  in  the 
headwaters ' are  located  at  *he  head  .of  steep  rapids  and  store  only 
small  volumes  of  water,  relying  upon  high  head  for  power  generation. 
Along  the  lower,  fitter  readies  of  the  INN  and  ENNS  Rivers  are  a 
nunfcer  of  Mrun-of-the-riverH  or  "pawerplant-in-streamn  power  plants, 
which  have  large  gated  openings  for  passage  of  floodwater.  These 
weirs  range  from  5 to  15  in  high  and  can  store  from  1 to  6o  hrfi\  As 
indicated  in  Exhibit  A and  indicated  on  Plate  3c,  a number  of  additional 
weirs  are  under  construction  or. planned  for  the  LOWER  INN  River. 
Additional  weirs. are  also  proposed  for  the  ENNS  River  as  described  in 
Exhibit  D.  Locations  of  dams  are  shown,  on  the  general  map,  Plate  1. 

The  locations  of  those  on  the  main  stems  of  the  INN,  SALZACH,  EtAUN  and 
ENNS  Rivers  also  appear  on  tho  profiles  of  Plates  3a  to  3g.  Reference 
is  made  to  Exhibits  A to  D for  description  ,of  hydraulic  features  of 
Important  power  developments  as  trtnexated  and  abstracted  from  cited 
technical  literature  listed  in  the  Bibliography.  Table  5 provides  a 
sunrcary  of  data  upon  the  more  important  hydroelectric  dans,  and  includes 
references  to  sources  in  which  additional  information  may  be  found. 
Sketches  of  typical  dams  used  in  this  study  appear  on  Plates  9a  to  9e« 
The  following  tabulation  lists  pertinent  data  concerning  the  dams 
utilized  in  this  study  of  artificial  flooding  potentialities: 


Serial 

River 

Storage 

Dam 

Flood  Gates 

-No...  Weir 

Bn  (ha*}  r. 

Height  fa)  No, 

Size  fa) 

INN  R. 

R~8  KIRCHB2EHEL 

232 

3.0(e) 

6 

4 

20  x 6 

10  x 6 

R-9  WA33EKBURG 

160 

26.0(e) 

10 

4 

17  x 9 

R-1D  TEUFEL3BHUCK 

147 

8.2(e) 

10 

4 

16  x 10 

R-11  GARS 

138 

6.4(e) 

9 

4 

17  x 9 

R-12  . JETTENBACH 

128 

4.2(e) 

9 

6 

17  x 8,5 

Rr-13  NEUGETTENG  ' 

91 

1.6(e) 

9 

5 

18  :r  8.5 

R-14  BRAUNAU  : 

61 

29.0(e) 

13.5 

5 

23  x 13.5 

R-15  BRING 

48 

52.0(e) 

•12.0 

6 

18  x 12 

R~x6  EQxLFING 

18 

54.0(e) 

34 

5 

23  x 13.5 

SALZACH  R.  (KAPHUNER  ACHE) 

&-27  LIMB  ERG 

11 

83-6 

120 

— 

mm 

UNO  ft.  laAiyotriMi  n > 

R-46  SALZA 

6 

10.5 

53  . 

ENN3  R.  1 • 

* 

R-47  ^ GROSCRAMING 

64 

16,0 

25 

2w 

22.5  x 5.5 

4 

9 x 5.1 

R-48  TERNBERG 

48 

5A 

17.5 

3* 

16  x 7 

* 

3 

3.6  x 7 

R-51  STAKING 

20 

10,  t0 

13 

5* 

17  x 4 

5 

17  x 2.8 

R-52  MJEHLRADING 

14 

5.0 

9 

5 

17.2  x 9 

* Upper  figure  is  top  gate, 

lower  is  lower  gate,  separated 

by  fixed  middle  portion, 
(2)  Estimated 

> 
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b.  Natural  Reservoirs.  The  deep  natural  lakes  described  in  p?T*a- 
graph  2— 13  a contain  considerable  water#  Most  of  .these  lakes  are  concen- 
trated in  the  TRAUN  River  basin.  The  TRAUN  SEE  volume  of  2302  ftn3  is  the 
largest j However,  since  the  lake  bottoms  lie  much  deeper  than  the 
elevation  of  the  outlets  (about  190  m in  the  case  of  che  TRAIU  SEE), 
only  a small  part  of  the  total  volume  is  .available  for  release. 


c#  Navigation  Locks  and  Dams.  There  are  n>  navigation  locks  or 
dams  on  the  streams  of  the  TNN,  S ALZ AC H , TRAUN  and  ENNS  basins  • How- 
ever, some  of  the  small,  older  weirs  have  special  openings  for  passage 
of  rafts. 


d.  Mill  Dams . Many  small  mill  dams  or  Weirs  are  located  on  the 
streams  of  the  AUSTRIAN  ALPS,  .especially  in  the  Upper  reaches.  They 
include,  rrnllracoa  aryl  supply  canals  and  provide  srjall(  amounts  of  water 
for  local  industrial  use.’ 

2-n  levees.,,  , . a •'  \v;. 

Levee  systems  protect,  settlements  and  faming  ccmnunities  along 
the  lower  reaches  and  in  those  wide  flat  basins  where  inundation  by 
floods  are  likely. to  occur.  Bank  revebnents  exist  also  in  many  places 
to 'Stabilise  the  channel  a*  Additional  information  may  be  found  in 
References  6 to  10.  . 

2-12  c mns. 


There  are  no  navigation  oanals  in  this  area.  A number  of  short 
canals  cenauct  water  from  the  rivers  to  hydroelectric  powerplants  and 
mills.  .The  MUEHLBACH  that  parallels  the  c-urse  of  the  lower  TRAUN  River 
has  many  small  mill  dams  and  might  be  considered  as  a canal.  The  16  km 
long  ALZ  Canal  permits  diversion  <-f  water  from  the  ALZ  River  to  the  SAL- 
ZACH  River  for  power  purposes  at  the  HULZFEtlJ-BU RQHAUSEN  powerplant. 
Additional  information  concerning  hydroelectric  power  canals  is  contained 
in  Exhibits  A,  B,  C and  B of  this  report. 
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a.  Lakes.  A number  of  deep  lakes  are  located  in.  glaciated  valleys 
mostly  in  the  TRAUN  basin,  Since*  the  lake  bottoms  generally  lie  much 
lower  than  the  outlets,. -only  the  ^top  layer  of  the  lake  surface  is  avail- 
able for  use  in  connection  with  tfydr  electric  supply.  The  lakes  do 
appreciably  reduce  the  peak  discharges  of  floods  and  assist  regulation 
of  stream  flows  during  other  seasons.  Area,  volume,  and  depth  of  the 
more  .important  lakes  in  the  TRAUN  basin,  as  given  in  Reference  12, 
a^.e . as  foil  ms : 


CON  HO  ENTs 
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Lake  (See) 

Area 

{ton2) 

Volume 

(h3) 

Maximum 

Depth 

fin) 

Mean 

Depth 

(m) 

GRUNDL  S. 

4.1 

3(57.5 

63.8 

33.2 

ALTAUSEER  S. 

2.1 

72.4 

49.0 

34.6 

HaLISTAETTER  S. 

8.6 

556.7 

123.2 

64.9 

FIJSCHL  S* 

2.7 

99.5 

61 

37.4 

T0IFGANG  S. 

13.2 

619.2 

109 

47.1 

TRAUN  S. 

25.7 

2302.1 

191 

89.8 

ZELLER  S. 

3.5 

53.2 

23 

15.3 

MOND  S. 

14.2 

510.4 

64 

52.6 

ATTER  S, 

46«8 

3933.6 

171 

84.2 

b.  Glaciers . The  topography  of  the  Austrian  Alps  is  largely  a re- 
sult of  past  glacial  action.  A few  glaciers  still  exist  tt  high  alti- 
tudes in  the  HOHE  TAUERN  region  just  s uth  of  the  INN  and  SAL  ZAC  H Rivers* 
Melting  of  these  glaciers  is  a major  source  of  water  supply  for  the  moun- 
tain torrents  that  flow  northward  from  the  watershed  of  the  Alpine  core 
into  the  upper  reaches  of  the  INN  and  SALZACH  Rivers*  Neither  the  TRAUN 
nor  MfB  basins  contain  active  glaciers  at  the  present  time* 

ce  Ponds  and  Marshes*  A number  of  wide  flat  valleys  alternate 
with  narrow  gorges  along  the  river  courses.  A notable  example  is  the 
old  glacial  lake  bed  between  HALIEIN  (Km  80)  and  LAU7EN  (Km  52)  on  the 
SALZACH  River.  These  basins  are  often  poorly  drained  and  also  contain 
remnants  of  abandoned  river-  me&ril era  which  collect  water.  Consequently, 
they  often  are  quite  marshy,  except  where  reclamation  projects  have  been 
undertaken. 

2-14  BRIDGES. 

Detailed  data  covering  present  status  of  bridges  across  the  SALZACH  i 
TRAUN,  and  ENNS  inducing  bridge  sketches,  dimensions  and  ether  pertinent 
data  are  contained  in  USFA  reports  cited  in  the  Bibliography  as  Refer- 
ences 7,  8 and  13.  Information  on  bridge  locations  and  elevations  also 

onnoar  +Vxs  trsT-l  ryn-i  unlimQ.  nf  nronao  A Xhr'crtm  r>  VirH  H data  mav 

be  found  in  Reference  14* 
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HYDROLOGIC  CHARACTERISTICS 


3-01  GENERAL* 

a.  Data  concerning  river  stage,  discharge,  and  flow  duration 
are  presented  in  generalized  graphical  farm  as  far  as  practical  in 
order  to  facilitate  the  application  of  the  data  to  specific  military 
problems.  The  references  cited  should  be  used  for  supplementary  data, 

b.  Available  hydrologic  records  are  fairly  complete  except  for 
the  war  periods  of  1934  to  1947,  Continuity  of  records  have  been 
affected  in  some  cases  by  changes  in  locations  of  gages,  by  discon- 
tinuation of  old  and  establishment  o?  new  gage  sites,  and  by  changes 
in  gage  zeros.  Erosion  and  silting  of  stream  channels,  construction 
of  cisms  and  weirs,  channel  regulations,  and  other  factors  affect  the 
applicability  of  past  records  under  present-dsy  conditions. 

3-02  CLIMATOIOCY. 

The  climate  at  high  altitudes  in  the  AUSTRIAN  ALPS  can  be  classed 
as  Middle  European -Oceanian,  while  that  in  the  valley  lowlands  has  un- 
mistakable Continental  characteristics.  The  main  features  of  the 
climate  of  the  mountainous  area  are  the  heavy  thunders  to  zms  of  summer 
and  the  alternation  in  -sinter  between  periods  of  bad  weatherj  with 
snow  and  fog,  and  spells  >f  good,  but  cloudy,  weather.  Precipitation 
fluctuates  greatly  from  year  to  year,  A good  deal  of  the  winter 
precipitation  is  in  the  font?  of  snow*  In  ■til©  vsllsy s vhc  frost  pen  od 
extends  from  October  through  April;  at  high  altitudes,  it  is  longer. 
Above  altitudes  of  2C0C  m,  temperature  can,  temporarily,  drop  below 
freezing,  even  in  summer . Reference  15  contains  some  information  on 
clinfcte  applicable  in  this  area.  Official  Austrianrainfall  records 
are  published  in  References  1 and  16;  additional  climatolcgic  data 
are  contained  in  References  6 to  12.  Seasonal  variations  in  precipi- 
tation are  illustrated  graphically  on  Plate  5 of  this  report. 

• • • "...  jr, 

3-03  STREAM  GAGING  STATIONS . 

Many  stream  gages  have  been  established  on  the  principle  rivers 
of  the  AUSTRIAN  ALPS.  Stage  records  and  other  data  for  Austrian  gages 
may  be  found  in  References  1,  2,  6,  12,  and  16;  for  Swi*»s  -aged  in 
Reference  17;  and  for  German  gages  in  References  18  and  19.  locations 
of  gages  are  indicated  on  the  river  basin  maps.  Plates  2a  to  2d  and  on 
the  river  profiles.  Plates  ?a  to  3g.  Pertinent  gage  data  for  key 
stations  compiled  from  cited  references  are  summarized  in  Table  4, 
Serial  numbers  of  gages  in  AUSTRIA  in  Table  4 and  oh  Plate  3 corres- 
pond to  official  Austrian  serial  numbers  given  in  Reference  2e  Swiss 
and  German  gages  are  designated  on  Plate  1 and  Table  4 as  Serial 
Numbers  G-l  to  G-5,  inclusive. 
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3-04  RIVER  STAGES  * 

! | 

a.  Records*  Mean  and  extreme  stages  of  record,  compiled  for 
key  stations  from  sources  listed  in  paragraph  3-03,  are  tabulated  in 
Table  4*  The  data  cover  various  periods  of  record.  Frequent  changes 
of  gage  zeros  recorded  in  various  yearbooks  necessitates  that  consider- 
able care  be  exercised  in  comparison  of  recorded  stages  so  ttot  proper 
gaga  zeros  are  useu.  Changes  in  stream  re 3iroe  and  construction  of  dams 
along  the  rivers  , should  be  considered  in  application  of  recorded  data 
for  existing  conditions. 

b.  3tage  Variation.  Seasonal  stage  variations  are  illustrated 
on  the  graphs  of  monthly  mean  and  extreme  stages  presented  on  Plates 
6a  to  6d.  > These  were  based  on  data  in  References- -6  and  8.  The  ri.ver 
stages  shown  are  characteristic  of  Alpine  streams,  with  the  maximum 
stages  occurring  in  Jure  or  July  as  a result  of  heavier  summer  type 
rainfall  as  roll  as  thawing  of  snow  cover  on  the  mountains  during  the 
late  spring.  The  rapgq  between  highandt  low.  stages  during  a given 
month  is  also  much . greater  in  the'  swunar  than  in  the  winter  months. 
Representative  ranges  between  highest  high  water  (HHW),  mean  water 
(MW),  and  lowest  low  water  (NKW)  are  shown  in  the  following  tabulation: 


Station 

Serial 

No. 

River 

Kin 

Gage 

HHT 

Heifot  (m) 
W NNf 

INN  R. 
INNSBRUCK 

121 

t 

298 

5-4 

1.7 

0.6 

NEU GETTING 

G-4 

9? 

8.0 

2.6 

0.9 

SALZACH  R. 
NIEDER3ILX 

i 

201 

176 

3*9 

1.6 

0.6 

SALZBURG 

251 

66 

8,1 

2.0 

'0.4 

TRAUN  R. ' 
OBERTRAUN 

332 

131 

2.6 

1.5 

0.7 

WELS 

. 399 

31 

10.6  - 

2.3 

1.6 

ENNS  R. 
LIEZEN 

431 

160 

6.8 

2.9 

1.5 

STETR 

466 

32 

6.0 

1,0 

0.4 

.<jj  Stage  Duration.  Stage  duration  curves  for  several  key- 
stations on  the  INN,  SALZACH,  TRAUN,  and  ENN3  RiVers  are',  shown  on 
PX%taar  7a  to  7d.  These,  curves  show  the  percent  of  tiros  that  a given 
stage  may  be  expected  to  be  equalled  or  exceeded.  They  were  based  on 
data  contained  in  fyafe^onces  6 ar..  18,.  On  these  curves  it  may  be  seen 
thal,  the.  mediChatagQ,  ^^squalled  or  exceeded  50  percent  of  the  time)  may 
differ, slightly  from  the  mean  stage,  MW  (the  arithmetical  average). 
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3-05  RIVER  DISCHARGES. 


5 . Records . Available  official  pxiblished  records  of  river  dis- 
charges are  not  as  complete  as  for  stages,  although  they  are  recorded 
in  the  same  publications  cited  in  paragraph  3-03.  Discharges  summarized 
in  Ihble  4 are  based  on  data  contained  in  those  References,  supplemented 
by  estimates  derived  by  application  of  published  siage  data  to  the  stage 
discharge  Relation  curves  described.  in  the  next  subparagraph. 

b . Staee-Discharge  Relation. ' <Avapa«e  stage  vs.  discharge  rating 
curves  for  key  . stations  are  presented  in  Plates  .8a  io  8d,‘  Theae-curves 
were  estimated  from  old  rating  tables  and  rpeent  equivalent  stage  and 
discharge  statistical  data  oontained  in  References  1,  6,  12,  and  18. 

c . Discharge  Variatibns.  Stream  discharge  follows  the  same: 
seasonal  pattern  as  that  for  st^ge  discussed  in  paragraph  3-04b.  Mean 
and  extreme  discharges  are  presented  in  Table  4 for  stations  where 
published  data  were  ..available  or  could  /.toe  es  tim^ted.  The  profiles  of 
mean  discharge  (lift)  ’shewn  bn  Plates  3a/ to  3g.  iilusixate  the  increase 

in  discharge  with  increase  in  drains  ge . area  as  one . progresses  dorcrtstream. 
The  following  tabula £ion  illustrates  .the  range  between  maximum,  mean , and 
minimum  discharges  .at,  representative  key  •stations?' 


Station 

i o 
S* 

Kn 

HH2  - 

• m 

m 

3NN  R.  . 

-?*  t ’ : 

■ :'V. 

1NNS3RUCK 

121 

298 

1250  . 

160 

15 

NEUOETTING 

G-4 

- 92 

3000  . : 

374; 

. 80 

' SALZACH  hV  ' “ 
NIEDERSILL  " 

r . < 

• • • • j , •! 

201 

176 

312 

38 

No  data 

•SALZBURG. 

251  . 

* “ **  » • 

66 

2250 

172 

26 

traiw'r.  ‘ 

■ CBERTRAUN  ‘ : 

•'  • ‘ * • 

'332  ; 

131 

170 

20 

0 J ' ' 

WEEiS 

•’399' 

31 

1900 

132 

* 27 

4 * 

ENNS  R. 

•LIEZEw  . , 

*jx 

160 

750 

64 

>sr\  . 
KKJ 

STEM 

466 

38 

3200 

177 

40 

d.  Discharge  Duration*  * . :v 

* • r*  • ••  f"  . 

Discharge  duration  curves  shewing  ,tho;  percent  of  time  that  a 
given  discharge  is  Qtyualljd  or  exceeded  .are  not  presented  in ‘this 
report,  but  may  be  found  in  References  6 and  18. 
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3-06  RIVER  VELOCITIES. 

a.  deneral.  River  velocities  vary  according  to  t^e .configuration 

of  the  riv^-  "channel,  depths,  obstructions,  restrictions,' Variations  in 
al6p&,  etc,  Channel  rectification,  walls  and  levees,  operation  of  dams 
abridf^ diversion -strubtur as,  and  other  alterations  to  natural  -conditions 
materially  affect ^ne  Stream  velocity*  Tributary  riVerg  during  flood 
tend  to  raise  Hsfi'e  eleVation  of  the  water  in  the  main  channel;:  conse- 
quently, correlations  between  velocity  and  river  stages  are  not  appli- 
cable at  all  points  along  the  adjacent  riVer  reaches,  but ; serve  merely 
as  indications . . • • ' 

b.  Surface  Velocities Insufficient  basic  data  concerning  channel 
characteristics  (cross —sectional  area,  wetted  perimeter,  roughness,  etc*), 
were .available  to  accurately  determine  stage-velocity  relation,  curves* 

As  indicated  in  Reference  20,  the  maximum  surface- velocities  likely  to 
be  encountered  during  Crossing  operations  may'  exceed  the  mean  surface*/ 
velocity  by  approximately  18  percent*  The  frequent  drastic  changes  in 
gradient,  alignment,  and ‘ cross— section  characteristics  of  ,tho  .rivers 
''  of’  the  AuSTRSCttHAUS  wakes  for; wide  variations  in  Velocity  from  point 
to  point  along  the  streams*  Indication  of  velocities  likely  to  be 
encountered  may  be  deduced  from  the  following  tabulation  of  mean  sur- 
face velocities  at  high,  (Hff),  mean  (MW)  and  low  (NW)  conditions  based 
on  data  contained"  in  References  7,  8>  9 and  21s 

: W.  *.  ! '■.  ' ' - ; 

Mean  Surface  Velocity  (m/sec) 


River 

m 

m 

NW 

INN  R. 

3*5-5. 0 

2. 5^3.0 

1.0-1, 5 

SALZACH  R. 

2*  5-5.5 

1. 5-3.0 

No  data 

TRAIN  R. 

5 -6 

0.5-1. 5 

No  data 

BN  NS  R. 

1. 5-4.0 

1. 0-2*0 

0.^-l.C 

c*  Flood  Tave  Travel  Time* 

Tne  rates  of  travel  of  flocxi  peaks  vary  considerably*  Asr 
pointed  out  in  Reference  12,  peaks  of  flood  waves,  occurring  at  times 
when  stages  are  high,  travel  slower  than  do:  the  peaks  of  small  floods, 
occurring  at  times  of  low  stages.  Also,  the  location  and  develppment 
of  the  storm  pattern  influence  the  time  at  which  contributing  flew  from 
the  various  tributaries  reach  certain  locations . Estimated  average 
rates  of  travel  of  flood  peaks -based  on  data'  in  References  12,  22  and 
23  follow*  , 

*/  velocity  byi'  25  to  75  percent*  anf  the  latter  usually  exceeds 
the  mean  c ros  s-s  ec  clonal  ■ - • 
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3-060 


Reach 

River  Km 

Average  Travel 
Rate  of  Peak 

(km/hr) 

INN  R. 

LAN  DEC  K-  INNSB  HJ  C K 

373-297 

9.5 

INNSBHJCK-BRiUJNAU 

297-  53 

5.0 

BRAUNAU-MOUTH 

58-  0 

6,0 

SALZACH  R. 

SALZBURG-NRUORERNDORF 

60-  48 

3-0 

NEUOBERNDORF-MOU 1H 

48-  0 

7.0 

TRAUN  R. 

GMUHDEN-MOUTH 

72-  0 

6.5 

ENNS  R. 

iJCH-STEYR 

201-  Jl 

5.0 

S TEYR-MOU  TH 

31-  0 

4.0 

j 

I 

i 
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SECTION  IV 

ARTIFICIAL  FLOODING  POTENTIALITIES 


4-01  GENERAL. 

a.  The  term  "artificial  flood,"  as  used  in  this  report,  applies 
to  any  major  increase  in  the . extent  of  flooding,  over  that  normally 
prevailing  with  existiig  ; developments,  that  is  brought  about  by  manipu- 
lation of  control  structures,  breaching  of  dans  or  levees,  or  temporary 
damning  operations  designed  to  create  flooding  conditions.  Applications 
of  artificial  flooding  considered  in  this  report  fall  into  the  following 
four  general  categories*  . 

(1)  Ma.ior  flood  waves,  created  by  sudden  breaching  cf  -a  dam  to 
release  large  quantities  of  impounded  water. 


(2)  Streamflow  variations,  in  which  changes  in  discharges, 
depths,  velocities,  - and  widths  cf  streams  are  brought  about  to  hinder 
stVeam-cros  sing  operations:  or  navigation,  s:uch  as  might  be  ac cumplis hed 
by  opening  and  closing  outlet  works  of.  water-control  structures. 

(3)  Stillwater  barriers,  created  by  flooding  land  to  farm  water 
obstacles,  using  such  means  as  breaching  levees,  diverting 'flow 'from 
canals , raising  crests  of  existing  dams,  or  constructing  temporary  dams. 

(4)  Drainage  obstacles  or  mud -flats,  in  which  the  wetness  of 
the  soil  is  increased  to  impede  military  traffic,  brought  about  by  dis- 
rupting the  normal  drainage,  destroying  pumping  and  drainage  facilities 
used  to  drain  marshy  or  low  land,  by  inducing  shallow  inundation  of 
flood  plains  or  reclaimed  land,  or  by  draining  areas  normally  inundated 
by  reservoirs. 

b*  Certain  opportunities  exist  for  effective  use  of  these  artifi- 
cial floods  on  the  INN,  SALZACH,  TRAUN,  and  ENNS  Rivers.  The  most 
effective  methods  of  flooding  w ouid  be  major  flood  waves  or  streanf low 
variations . This  section  presents  a review  of  the  potentialities  and  a 
quantitative  evaluation  of  the  hydraulic  effect^.  Reference  should  be 
made  tb  Section  V for  discussion  of  associated  Mlitary  factors. 

• i , ’ ... 

■ ' * ’•  ♦ . • r <,*”♦.  ......  ♦ \ 

.4-02  major  waves; 

■ • t ...  , 

a . General.  This  paragraph  discusses  the  major  artificial  flood 
waves  that  could  be  produced  on  the  SALZACH  and  IOWER  INN  Rivers  by 
breaching  of  the  "L1M3ERG  Dam  (R-27)$  on  the  TRAUN  River  by  breaching 
of  tanoorary  dams  at  or  near  the  weir  a (SEEKLADSEN)  on  the  outlets  of 
TO IFGAN G SEE  (R-41),  HALIS TAETTER  SEE  (R-39),  TRAUN  SEE  (R-43),  MCWD  SEE 
(IL44),  and  ATTER  SEE  (R-45)} :.&rd-  on  the  ENNS  River  by  breaching  of 
SALSA  Dam  (R-46).  Since  their  available  storage  capacities  rank  among 
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the  largest  in  their  respective  basins,  the  effects  of  breaching  these 
structures  would  be  more  critical  than  from  smaller  reservoirs.  A com- 
prehensive study  of  artificial  flood  waves  that  could  be  produced  from 
all  the  dams,  singly  or  combined,  within  the  region  would  involve  con- 
siderable additional  engineering  data  and  more  computation  time  than 
were  available  for  this  report.  The  artificial  floods  produced  by 
opening  the  large  gates  of  tho  •run-of-the-rivcr'*  dams  in  the  lower 
reaches  of  the  INN  and  ENNS  approach  the  ra& giitude  and  character  of 
%iajor  flood  waves,”  but  in  accordance  with  the  definitions  of  paragraph 
4-01  are  considered  as  ■•streamfldw  variations”  and  are  discussed  in 
paragraph  4-03.  Reference  is  made  to  paragraph  2-10,  and  Exhibits  A to  D 
for  descriptions  of  the  dams  studied,  to  Plate  1 far  locations,  to  Plates 
9a  through  9e  for  sketches  of  the  structures,  and  to  Table  5 for  summary 
of  dam  data. 

b*  Hydro lo gi c Con sid erat ion s . 

(1)  The  initial  river  stages  and  flows,  existing  at  the  time 
of  dam  breaching,  greatly  influence  the  effects  of  the  flood  wave*  Flow 
conditions  in  these  Alpine  streams  vary  considerably,  both  seasonally 
and  annually,  as  discussed  in  Sections  II  and  III  and  indicated  on  Plates 
6a  to  6d,  and  7a  to  7d.  Operation  of  hydroelectric  and  other  hydraulic 
developments  alsb  affects  flow  conditions.  The  initial  streanflow, 

•base  flow,*  at  the  start  of  the  artificial  flo.xi  waves  assumed  in  this 
study,  approximates  normal  mean  water  conditions, 

(2)  Reservoir  stage  and  storage  also  influence  the  effective- 
ness of  dam  releases,  tittle  inform? ti on  was  available  regarding  the 
seasonal  variation  of  specific  reservoirs . However,  pools  probably 
could  be  expected  to  be  full  during  the  wet  spring  and  early  suamer 
seasons  and  partly  full  during  the  drier  autumn  and  winter  periods. 

In  this  study,  full  pool  conditions  were  assumed.  Reservoir  storage  • 
capacity  curves  shown  on  Plates  10a  to  lOd  were  estimated  from  data 
contained  in  the  source  references  cittki  in  .Tbble  5 supplemented  by 
topographic  map  iriformation. 

(3)  Due  to  Uie  prevailing  high  banks,  narrow  flood  plains, 
and  steep  gradients  of  the  streams  and  of  the  terrain,  relatively  small 
volumes  of  the  flood  waves  could  be  expected  to  be  .retained  behind 
embankments  and  in  depressions  on  the  flood  plains,  or  lost  by  seepage. 
Consequently,  no  loss  of  volume  of  the  flood  waves  was  assumed  in  this 
study. 

(4)  Although  a number  of  anall  low  weirs  are  located  on  the 
streams  downstream  of  the  breaded  dansj  tlielr  effect  on  the  progress  of 
the  flood  wave  would  bo  slight  or  primarily  local*  as  the  weirs  are  so 
low  that  they  can  pass  hi^i  floods  without  significant  adverse  effect  on 
stages.  Various  special  conditions  of  operations  were  assumed  for  the 
large  ”run-of -the- river “ dams  in  the  lower  TNN  and  ENNS  to  reflect  ex- 
pected status  under  -wartime  tactical  situations.  These  conditions  are 
outlined  in  subsequent  discussions  for  specific  flood  waves. 
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4-02 

o • Means  of  Creating  Major  Flood  TTaves. 

(1)  LIMBERG  and  SALZA • Sag i, ; . breaching  of  the  high'  dams, 

LIMBERG  (R-27)  and  SAL2A  (R-46),  vrould  produce  flood  waves  of  appro-, 
ciable  initial  peak  magnitude  but  of  short  duration  in  the  valleys  of 
the  SALZACH  and  ENNS  Rivers,  respectively.  The  type,  shape  and  size 
of  assumed  breaches  are  hypothetical,  but  were  selected  to  approximate 
the  largest  feasible  effective  breach  openings  believed  likely  to  be 
produced  in  these  dams  by  conventional  borrbs  or  placed  demolition  charges.* 
In  this  connection,  it  should  be  not  . Jhat,  as  the  wave  travels  down-' 
stream,  the  volume  of  released  water  and. the  hydraulic- characteristics 

of  the  channel  exert  progressively  greater  influence  upon  the  flood 
•wave  than  does  the  shape  and  size  of  breach  opening.  It  was  assumed  *• 
that  the  breach  dimensions  and  discharge  for  these  dams  would  be 
practically  the  same  as  that  produced  .in  the  EBER  D'm  (a  stonemasoniy 
gravity  structure  in  the  Y/E3ER  River  basin  of  Germany)  by  the  May  1943, 
bombing  described  in  Reference  90*  It  was  considered  that  similar  open- 
ings could  be  produced  in  these  concrete- arch  dams.  Reference  is  made 
to  Plates  9d  and  9§  for  sketches  of  these  dams.  Discharge  from  the 
assumed  breach  would  have  an  initial  peak  discharge  of  8500  m^/secj  but 
would  rapidly  decrease  as  the  water  stored  in  the  reservoir  rushed  out., 
through  the  breach,  causing  the  pool,  stage  to  drop.  The  assumed  breach 
approximates  a parabolic  shape  with  a top  width  of  about  71  m and  a depth- 
of  25  m below  the  initial*  reservoir  level,  corresponding  closely  to  the 
equation:  . 

. x2  « 50  y 

where  x » horizontal  distance  from  vertical  axis 
of  the  opening 

y ■ vertical. distance  above,  lowest  point 
. . of  tie  opening  •'•.  . 

(2)  TRAUN  River  Lakes.  Artificial  flo»xi  waves  produced  by  ' 

releases  from  these  lakes  were  considered  to.  be  produced  by  two  alter- 
native  methods.  The  first  was  by  cotiplete; breaching  or  demolition  of 
the  small  weirs  regulating  the  outlet  front. the  lakes  or  ty  similar 
destruction  of  t a?porazy  dam3  erected  at  more  constricted  bridge  . 
sections  in  the  same  vicinity . In  this  case,,  lake  levels  were  assumed  , 
as  being  at  the  normal, mean  stage,;'  The  second  method;  considered  the 
lake  level  as  being  , raised  by  temporary  darns- to  the  maximum  stage  con- 
sidered feasible:  (2  n:  above  norma  1 for  the  ATTER,  HAILSTAETTER,  and 
TRAUN  SEE  and  1 m for.. the  MOND  and  WQIFGA,NG  SEE),  Complete  breaching  . 
or  danolition  of  "these  struettires  would  produce  artificial  flood  waves* 
Hie  estimated  discharge  curves  are  .presented  on  Plate  10c,  The  Estimated 
time  required  to  raise  tho  1 %e  levels  to  the  assumed  above-noima  1 stages 
at  mean  rates  of  inflow  to  the  lakes  are  indicated  in  the  following 
tabulation:  * : 
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lake 


Stage  above  Volume  Mean  Days  to 

normal  fa)  Involved  (hnr)  Inf  low  (nr  /3ea)  Raiae  Stap< 


WMF  GANG  3. 

1 

HALISTAETTER  S . 

2 

TRADN  S. 

2 

MOM)'  S. 

1 

A'i'IER  S* 

2 

d.  Effects  of  Major  Flocd 

13.2 

5 

31 

17.2. 

35 

6 

51.4 

75 

8 

14.2 

10.5 

11 

93  e 6 

18 

60 

Waves  » 

(1)  General.  The  effects  of  artificial  major  flood  waves  are 
surrmarized  in  Table  6.  Plates  lib  to  lid  show  representative  stage 
hydrographs  and  profiles  of  peak  discharges  for  the  flood  waves  produced 
on  each  stream  by  dam  breaching.  Due  to  the  scarcity  of  accurate  avail- 
able data  regarding  channel  and  floodplain  cross  sections,  flo  id-protec- 
tion and  stream-regulation  levees  and  revetments,  and  other  local  features, 
broad  Resumptions  as  to  extent  of  overbank  flooding,  stream  depths  and 
velocities  had  to  be  made.  Discussion  of  the  effects  of  specific  major 
flood  wave3  studied  in- the  individual  river  basins  follows. 


I 


(2)  INN  River  Basin.  No  dans  were  considered  as  breached  in 
this  basin*  Breaching  of  the  LIMB  ERG  Dam  (R-27 ) in  the  SALZACH  Basin 
would  create  a major  flood  wave,  whose  effects  would  be  felt  to  some 
extent  in  the  lower  INN  River  valley  below  the  junction  of  the  SALZACH 
River  (ffin  68),  as  discussed  in  the  next  subparagraph.  Reference  is  also 
made  to  the  artificial  flow  variati  ns  produced  by  opening  the  large 
gates  of  the  •run-of-tho-rivor”  weirs  in  the  lower  reaches  of  the  INN, 
as  disciesed  in  paragraph  4-Q3.  The  volumes  stored  behind  other  dams 
in  the  basin  are  too  small  to  create  significant  flood  waves,  except 
immediately  downstream  of  the  breached  structures. 


(3)  SALZACH  River-Artifi  cial  Flood  Nov  3-1  represents  the  major 
flood  wave  on  the  SALZACH  and  INN  Rivers  crea  ted  by  breaching  the  LIMB ERG 
Dair  (R  27),  located  on  the  KAPRuNER  ACHE,  11  km  above  its  junction  with 
the  SALZACH  at  Kin  166.  A parabolic  breach,  approximately  70  m wide  by 
25  m deep,  as  described  in  paragraph  4- 02c,  was  assumed.  Reference  is 
made  to  Table  6 for  sunnary  of  effects  and  to  Plate  lib  for  graphs  of 
the  resulting  stage  hydro  graph.  The  initial  8500  nH /sec  peak  discharge 
through  the  breach  would  decrease  sharply  to  about  300  m^/sec  in  4 lours 
and  then  would  drop  more  slowly  as  the  reservoir  level  fell  to  the  low 
point  of  the  breach  in  about  24  hours.  Approximately  30  hnr  of  the 
total  $3*6  Jnr'  storage  capacity  would  be  discharged  through  the  breach 
opening,  of  which  10.  hr r would  be  within  the  first  4 hours.  As  the 
wave  traveled  downstreanb  its  peak  would  be  considerably  reduced*  At 
BRICK  IM  PINZG.AU  (No.  206),  on  the  SALZACH  16  km  below  LIMBERG  DAM, 
peak  discharge  would  be  7400  v? /sec  above  the  base  flow  of  40  vr / sec j 
at  ACH  (No.  281),  166  km  below  the  dam,  it  would  be  1480  m3/sec  above 
the  2i>0  m3 /sec  base  flo>‘  at  that  point.  This  represents  an  increase 
of  6.2  m above  the  initial  base  flow  conditions,  at  BRUCK  and  3*8  m 
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at  ACH*  The  wave  would  overtop  the  banks  of  the  SALZACH  but  not  of  the  INN 
below  the  SALZACH  confluence*  -The  width  of  fl"  >dinr:  along  the  SALZACH.  woulc 
be  400  to  1000  n and  peak  velocities  \*  uld  vc  very  hirh,  about  3 to  6.5 
m/soc*  In  this  fl  d,  itr.s  assured  that  the  "run-  . f-th»-r  ivcr 11  weirs  in 
the  lower  SALZACH  and  INN  were  opened  and  their  po  .Is  empty*  If  those  weirr 
were  operated,  the  effects  of  this  artificial  fle  d wave  along  the  INN  could 
bo  c ns iderably  reduced*  Representative  critical  values  for  Artificial 
Fluid  No.  S-i  extracted  from  Table  6 are  presented  in.  the  follqyrfng 
tabulations 


Station 

No. 

Station 
Name , 

' PEAK  VALUES 

- FLOOD  no. 

S-l* 

Duration 
above  Bank 
(hrs.) 

Stream 

Depth 

, (mir 

Overflow' 
Height  . 
(m) 

Width  . . ..  .Mean 
Flooded  Surf*  Vel, 
M . (m/soc) 

SALZACH  R. 

' * • 

206 

BHUCK 

8,0 

2.0 

1000  . 

••5.0 

2 

249 

HAL  LEIN 

8.5 

0,5 

400 

4,5 

2 

281 

ACH 

6*5 

1.5  . 

800 

4.0 

6 

INN  R* 

;>  ; . 

- 

0-5 

WERNSTEIN 

.3,5. 

0 

300, 

3.0 

0 

(4)  TRAUN  River-Artificial  Flood  No*  T-l  involves  the  major 
flood  wave  on  the  TRAUN  River  created-  by  breaching  the  existing  GMUNDEN 
Weir  (R-43),  or  a tonpiirary.  dam  erected  at  the.conatricted  bridge  open- 
ing immediately  upstream,  when  the  lake  level  of  TRAUN  SEE  is  at  the 
normal  elevation  of  42^.4  m.u.A.  Reference  is  made  to  -Table  6 for  sum- 
mary of  effects  and  to  Plate  He  for  graphs  of  the- resulting -stage  hydro-  • 
graplis . Approximately  25  ten3  of  water  would  be  released  frem  the  lake 
as  its  level  dropped  from  422.4  to  421  i 5 m*u*Ai  The  initial  peak  dis- 
charge of  240  irr/sec  would  likewise  decrease  in  about  110  hours  tp  the 
mean  water  flow  of  75  m3 /sec.  Only  slight  reduction  in  'peak  flow  would 
occur  as  this  long  wave  traveled  downstream*  At. the  EBELS.B.ERG  gage 
No.  404),  67  km  below  TRAUN  SEE,  the  peak  discharge-  Would  be  290  nK/seo, 
representing  ran  increase  of  150  m^/sec  above  base  flow  as  cgnpared  to 
165  m3 /sec  ahoye  base  flow  at  GMUNDEN  (No,  358),  immediately  belcw  the 
lake.  Depths  in  the  ‘river  would  be  increased  from  0.$  to  2,0  m above 
initial  stages  and  would  bp  confined  within  banks  for  most  of  the  way. 
Velocities  would  be  increased  to  ab  ut  2.5  m/sec  in'  some  places*  Repre- 
sentative critical  values  extracted  from  Table  6 aire  presented  in.  the 
following  tabulation: 


PEAK -VALUES 

- FLOOD  NO 

V T-l  ‘ * 

* • • 

Stream 

Overflow 

Width 

Mean 

Duration 

3tation 

Station 

- Depth 

Height 

Flooded 

SCirf.  Vel,‘ 

above  Bank 

No. 

Name 

(m) 

. (m) 

Cm)  ... 

(m/sec) 

, Q?£^3lL  . 

359 

ROITHAM 

3.5 

In  Banks 

100 

•*  . # 

‘ 1,5  * 

0 

391 

LAMB ACH 

2.5 

In  Banks 

60 

*•2.0 

0 

404 

E8ELSBERG 

3*0 

In  Banks 

70 

2.5 

0 

CONFIDENTIAL 

4-oaa 

(5)  TRAUN  River-Artificial  Flopd  No.  T-2  represents  the  effect 
of  raising  the-,  level  of  TRAUN  SEE  2 m,  prior  to  breaching  a temporary 
special  darn  at  the  outlet.  The  volume  and  rates  of  discharge  -would  be 
considerably  highe r than  iiv'S e of  Flood  No.  T— 1,  where  normal  lake  levels 
were  assumed.  Approximately  77  In-5  would  be  released  (compared  to  25  hrrP 
for.  Flood  T-l)  and  the  initial  peak  rate  of  outflow  would  be  710  m3 /sec 
(compared  to  240  m^/sec).  It  would  take  about  150  hours  for- the  flow  to 
recede  to  the  75  m3  /sec  base  flow  at  the  lake  outlet.  The*  peak  at  EBELSBERG 
(No.  404)  would  be  715  tfr/sec,  an  increase  of  575  m^/sec  above  the  140 
m3 /sec  base  flow  at  that  .point.  Stages:  would,  be  raised  2 to  3 m above 
initial  stage  and  would  be  close  to  bankfull  or  slightly  above  banks 
for  most  of -thd  Course.  The  width  of  the  water  obstacle  would  be  increased 
to' about  100  to  400  tn,  and  velocities  -wiuld  bfe  raised  to  2 to  3 xn/»®0* 
Reference  is  made  to  the  artificial  flood  graphs  on  Plate  11c  and  the 
sumrrary  of  data  in  Table  6.  Extracts  of  critical  representative  values 

from  the  latter  follow: 

* : - 

PEAK  VALUES'-  FLOOD  ifO.  T-2 
Stream  Overflow  Width  Mean  Duration 

Station  Station  Depth.  , Kei^it  Flooded  Surf.  Vel.  above  Bank 


No*  Name  (mi  (m) (m)  ' (m/sec) (hrs . ) 

359  R03THAM  - 4.'5  0.5  400  2.0  24 

391  LAMBACH  4.5  Bankfull  100  2.5  0 

- 404  EBELSBERG  4.5  0.5  350  3.0  12 


(6)  TRAUN  River-Artificial  Flood*  No.  T-3. 

(a)  This  flood  probably  approaches,  the  maximum  feasible 
artificial  flo.d  that  could* be  produced  on  the  TRAUN  River.  It  involves 
coordinated  breaching  of  special  temp  r ary  dan's  at  the  outlets  of  the 
larger  lakes  of  the  basin  when  lake  levels  had  been  raised  to  the  highest 
level  deemed  feasible.  lakes  included  are: 


Lake 

Lake.  Level 

Storage 

Released 

(hr) 

Peak 

Discharge 

(m3 /sen') 

KcnnST” 
m.u  Ji. 

increased" 
tO  m.U  «A. 

HS-Ided 

(ra) 

% 

T7DIFGANG  S. 

539.2 

537.2 

1 

25 

85 

HALLSTAETTER  S. 

510.4 

508.4 

2 

21 

450 

TRAUN  S. 

422.4 

424.4 

2 

77 

710 

MOND  S. 

481.6 

480.6 

n 

X 

28 

95 

ATTER  S. 

469.0 

471.0 

2 

102 

280 

- (b)  In  order  to  effect  maximum  combined  peaks,  breaching  of 

the  TRAUN  SEE  ‘outlet  should  be  delayed  about  6 hours  after  the  breaching 
of  HALLS TAETTER  SEE  and  WOlFOANG  SEE  outlets;  breaching  of  the  MCWD  SEE 
and  AT  TER  SEE  outlets  should  occur  about  3 hours  later  than  the  TRAUN  SEE 
breaching.  Reference  is  made  to  the  maps,  Plate  1 Plate  2c,  for  rela- 
tive locations  of  the  involved  lakes.  The  effects  of  the  combined  flood 

* 
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wave  d'/wnstre°m  from  the  junction  of  the  AUER  and  TRAUN  Rivers  near 
LAMBACH  (No.  391)  would  he  appreciably  greater  than  those  produced  by 
TRAUN  SEE  alone  (Floods  Nos.  T-l  and  1-2)  , As  indicated  on  Plate  11c 
and  in  Table  6,  the  combined  Flood  v&vo  No,  T-3,  would  have  a discharge 
of  1005  m /sec  at  EB  ELS  BERG  (No,  404)  centred  to  290  and  715  for  Floods 
Nos.  T-l  and  T-2,  respectively.  The  combined  flood  wave  would  result 
in  an  increase  of  2.  to  4 m ab.^ve  initial  stream  levels.  It  would  slightly 
overtop  ths  banks  along  a considerable  length  of  the  river  and  would  re- 
main above  banks  for  up  to  2 day?.  This  would  -increase  the  width  of  the 
water  obstacle  to  as  much  as  700  m in  the  Iwrer  reaches  of  the  TRAUN  River, 
Mean  surface  velocities  would  be  as  much  a3;,3  m/sec  in  places.  The  follow- 
ing tabulation  lists  critical  effects  at  kdy  locations: 

PEAK  VALUES,  - FLOOD  NO.  T-3 
Stream  Overflow  Width  Mean  , Duration 


Station  Station  a Depth  • -Heigit  Flooded  SUrf , Vel,  above  Bank 
No.--  Name  fo»)  fa)  fa)  (m/sec)  (hrs.) 

359-  ROTTHAM  4.5  0.5  ■ 400  " 2.0  36: 

391  A T AMBAC H p.5  0,5  150  : 3.0  18 

404  •:■■■  • EBEISBERG  5*0 , 1.0  A 700- " 3.0  54 


(7)  ENNS  RIVER-Ariifi  cial  Flood  ’No."  B-l  would  bq  produced  by 
breaching ' the  SALZA  Dam  (Rr46),  located 'on  the  SALZABACH  6 km  above  its 
junction  with  -the  at  Kin  182,  A-  70  m wide  by  25  m deep  parabolic 
.breach  was  assumed  for  this  study,,  as  described  in  paragraph  4-0 2c, 

A summary  of’  effects  appears  on  Table  6;  stage  hydro  graphs  and  peak  dis- 
c large  profile  at  key  locations  appear  on  Plate  lid.  The  initial  peak 
discharge’  of  -8500  m^ /sec  you  Id  quickly  drop  as  water  flowed  through  the 
-breach  operiing.  The  reservoir  stage  would" drop  ‘to  the  elevation  ef  the 
bottom  of  the  breach  in  about  2,5  hours,  releasing  10,4  hrrr , practically 
the  entire  reservoir  storage  volume.  The  crest,  of  the  . flood  wave  would  be 
reduced  after  passing  through  the  wid,e  f Idfc i^li^:  cf ENl^  above  the 
GESAEUSE  Gorge,  the  head  of  which  starts  near  WENG  (IJo.  439),  Km  135, 

A considerable  portion  of,. the  wave  volumfe  would  tqnporarily  go  into  over- 
bank storage  below  the  . jun ction  of  the  SALZABACft  and  ENNS,  thus  causing 
considerable  r edition  .in  .peak -flrw^  - At  WENG  (No,  439),  53  km  below  SALZA 

Dam.  the*  '’dianharae  wmild  Vie*  nwTw  ,J70n  tm? t.no  70  m3/oo, 

flow  at  thstt  locAtiori.  stages  there  would  rise  3.5  m,  nearly  to  top  of 
banks,  and-veincitie s would  be  increased  to  abbut  3.0  m/sec.  As  tte  .wave 
.traveled  d-vrrfs tr cam  it  would  flatten,  but1  not  so  sba'rply.  At  ENNS  (No.  482) 
4 km  above  the  mouth,  peak  discharge  Yvould  be  800  irhysec,  an  increase  of 
5E0  m^/sec  above  the  base  flow  of  220  m^/seo.'  : Stages  dovmstream  of  WENG 
would  be  raised  1,0  to  2,5  above  initial  stages,  but ' would  be  within  banks , 
Velocities  at  the  peak  of  the  .wave, wrttld  range  between  2.0  and  3.5  ra/sec  at 
various  locations,  3h  analysis  of  this  wave,  it  was  assumed  that  the 
“run-of-the-rivern  weirs  in, the  Icwer  ENNS  yt&re  either  previously  opened  or 
destroyed  and  their  pools  empty.  If  the  pools  were  full,  or  the  weir  gates 
in  suitable  condition  for  closing,  the  effects  of  this  wave  below 
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Serial 

No, 

Weir 

River 

Km 

Estimated 

Storage 

htr 

Mean 

Inflow 

nv/sec 

Filling 

Time 

Hrs* 

R-8 

INN  River 
KIHiHBICHEL 

232 

3.0 

30C 

3 

R-9 

WAS3ER3URG 

160 

26.0 

300 

24 

R-10 

TEUFEL83RUCK 

147 

8.2 

350 

6 

R-ll 

GARS 

138 

6.4 

350 

5 

R-12 

JETTK'IBACH 

128 

4.2 

350 

3 

R-13 

NEC GETTING 

91 

1.6 

370 

1 

Rr-14 

BRAUNAU 

61 

29.0 

700 

12 

R-15 

ER3NG 

48 

52,0 

700 

21 

R-16 

OBERNBERG 

35 

54.0 

700 

22 

R-47 

ENNS  River 
GROG  SRAM  ING 

64 

16.0 

165 

27 

R-48 

TE)<NBERG 

48 

5.1 

170 

8 

R-51 

STANING 

20 

10.0  * 

220 

13 

Br-52 

MJEHLRADING 

14 

5.0 

220 

6 

4-03b(2) 


(3)  Water  stored  behind  upstream  weirs  can  also  be  transferred 
downstream  to  refill  pools  whose  storage  has  been  depleted  by  previous 
releases.  Cyclic  streamflow  variations  downstream  erf  a given  weir  can 
thus  be  facilitated.  The  average  rate  of  travel  of  released  water  would 
be  7 to  9 km /hr  on  the  3NN  and  5 to  7 km/hr  on  the  ENNS.  The  following 
tabulation  affords  indications  of  the  time  elements  involved  in  emptying 
ary  given  pool  by  means  of  full  opening  of  all  gates  and  transferring 
the  contents  to  the  next  demstream  reservoir* 


Serial 

No. 

Weir 

INN  River 
KIHCHBICHEL 

River 

Km 

Estimated 

Storage 

hti^ 

Emptying 

Time 

Hrs. 

Travel 

Time 

Hrs, 

R-8 

232 

3.0 

2 

R-9 

WASSERBDRG 

160 

26.0 

8 

9 

R-10 

THJFEISBRDCK 

147 

8.2 

2 

2 

Rr-11 

GARS 

137 

6.4 

2 

1 

R-12 

JETTMBACK 

% 

1 28 

4.2  ■ 

1 

1 

r 

R-13 

NEU0ETTING 

91 

1.6  • 

1 

J 

R-14 

BRAUNAU 

61 

29.0  . 

5 

4 

R-15 

ER3NG 

48 

52.0  . 

8 

2 

R-16 

EGOF1NG 

35 

54.0  . 

6 

2 

( TABLE  CON  TIKI  ED  ON  FOLLOfHNG  PAGE) 
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Serial 

No. 

Weir 

EKNf»  River 
GROSSRAMING 

River 

Kin 

Estimated , 
Storage  . 
hm3 

Emptying 
Time 
Hr  s. 

Travel 

Time 

Hrs, 

Rr-47 

64 

36.0  ' 

4 

0 

R-48 

TERNBERG 

to 

5.1  . 

1 

4 

R-51 

STANING 

20 

: 10.0  , 

2 

1 

R-52 

MUEHLRADIN  G 

14 

5.0  ‘ 

2 

C.  Moans  of  Creating  Streamflow  Variations.  Sudden  opening  or 
blasting  of  the  large  gates  of  the  *run-of-the-river'‘  weirs  in  the 
lower  INN  and  EH  IB  Rivers  would  produce  detrimental  streamflow  vari- 
ations downstream  from  those,  structures.  Partial  gate  openings  or 
slower  openings  would  produce  lower'  but  longer  streamflow  variations! 
although  exact  data  on  speed  of  gate  opaaings  were  not  available,  it 
is  estimated  tint  gates  could , probably  be  fully  opened  in  approximately 
one-half  hour  under  emergency  operating  conditions.  Plates  10a  and  lOd 
show  estimated  discharge  rating  curves  for  those  gates,  based  on  hydrau- 
lic data  in  Tables  A-I  and  D-I  and  paragraphs  A-09  and  D-07  of  Exhibits 
A and  D.  A tabulation  of  peak  discharges  under  normal  pool  conditions 
follows: 


Serial 

No. 

Rr-8 

R-9 
R— 10 
R-ll 
R-12 
R-13 

Ifr-14 

R-15 

Rr-16 

R--41 

R-48 

R-51 

R-52 


Vfeir 

INN  River 

KERCHBICHEL 

WASSERBURG 

TEOFEtSfiKOCK 

GARS 

JETTENBACH 

NEUOETTING 

BRAUNAU 

EKING 

EGGLPING 

ENNS  River 

GROSSRAMING 

TERNBERG 

STANING 

MUEHLRADIN  G 


Normal 

Pool 

ftnNN) 

496.5 

430.5 

420.5 
412.4 

403.0 

368,8 

t r 

336.2 

325.9 

371.0 

330.0 
f.32,0 

263.0 


All  Gates  Open 
No.  Discharge 
Gates  m^/sec 


4 

4 

4 

4 
6 

5 

5 

6 

5 

6 

3* 

5* 

5 


1750 

3400 

3600 

3400 

3400 

3700 

nnnn 

f7w 

7200 

8400 

3500 

3700 

3350 

3500. 


# Upper  &.  Lower  movable  gates,  separated  by  fixed  middle  part. 
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d.  Effects  of  Strearaflow  Variations. 

(1)  General. 

(a)  The  effects  of  streamflow  variations  produced  by 
releases  from  the  gated  outlets  of  the  weirs  on  the  INI?  and  E2JNS 
Rivers  are  stirrmariz ed  in  Table  6.  Plates  11a  and  lid  show  represen- 
tative stage  nyirographs  and  profiles  of  peak  discharges  for  the  flow 
variations  considered. 

(b)  P.eference  is  also  made  to  paragraph  A-05  of  Exhibit  A 
for  discus  sim  of  estimated  effect*5  of  similar  operations  of  the  IIW 
River  weirs  as  studied  in  1937  by  the'  "Mil— Geo  u organization,  of  the 
German  Army*  Those"  estimated  results  are  generally  compatible  with 
effects  computed  in  the  current  study  covered  by  this  report,  although 
assumptions  as  to  base  flow  and  operation  schedule  differed  somewhat 
from  those  assumed  in  the  current  study. 

(c)  The  flow  variations  stud  ied  are  designated  for  purposes 
of  identification  as  follows: 


fXOOCl 

No. 


Dsms  Involved 


INN  River 
1-1 


1-2 


1-3 

1-4 


No. 


Name 


Gate  Operations 


• P-8 

R-9  to  R-13 
R-14  to  R-16 
R-8 

R-9  to  Hr- 13 

K— 14  to  Rr-l6 

R-27 


R-8  to  R-16 
R-27 


SINS  River 
E-2  ' 

E-3 

E-4 


Ri8:  tc  R-16 


All  gates  opened  at  Hr*  0 
All  gates  opened  at  Hr.  3*5 
^Teirs  open  and  pools  empty 
All  gates  opened  at  Hr.  0 
All  gates' opened  at  Hrs  3*5 
All  gates  opened  at  Hr*  9 
Breached  2 hrs.  before  R-8 
(See  Flood  S-l,  par.  4-02H) 
1-1 

Breached  2 hrs.  before  R-8 
(See  Flood  S-l,  par.  4-021) 
Same  as  Flood  No.  1-2 


KIH3HBICHEL 
Group  A# 
Group  B* 
KIRCHB3CHEL 
Group  A* 
Group  B* 
LIMBERG 


Same  as  Flo  >d  No. 
LUvBERG 


R-51 

R-47  . 

R-47 

R-48 

R-51 

R-52 


STANING 

GRDSSRAMING 

GR0SSRAM1NG 

TERNBERG 

STANING 

MUEHLRADING 


All  gates  opened  at  Hr. 
All  gates • opened  at  Hr. 
All  gates  opened  at  Hr. 
All  gates  opened  at  Hr. 
All  gates  opened  at  Hr, 


0 

0 

0 

0.5 

1*5 


All  gates  opened  at  Hr.  1,5 


X'. 


* Grorp  A:  WA3SERBURG  (R-9 ) . TEDFEISBRUCK  (R~10),  GARS  (R-ll), 

JETTEJ&ACH  (R-12).  NHI0E1T3HG  (R413>  • 

Group  B : BltApNAJ  (R-14),  BRING  (R-15),  EGGIF3NG  (R-16) 
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(2)  IKN  River-Artificial  Flood  No.  1-1  involves  sudden  full 
opening  of  the  gates  of  KIRCHBICHEL  Teir  (R -8)  at  Km  232,  followed 
3 .5  hours  later  by  sudden  full  opening  of  the  gates  of  the  5 INN  River 
weirs  (Group  A),  designated  as  R-9  to  R-13  in  Tables  5 and  6 and 
located  between  ftn  160  and  Kn  91.  Prior  to  gate  opening,  the  pools 
were  assumed  as  being  full.  In  this  flood,  gates  of  the  three  Group  B 
weirs,  R-14  to  R-16,  located  farther  downstream  on  the  INN  River  between 
Km  61  and  Kin  35  were  considered  as  being  previously  opened  or  destroyed 
and  their  pools  as  being  empty  • Release  of  the  5 hnr  of  water  contained 
in  the  JET  TENBACR-TOE  GIN  G canal  leading  to  the  TOE  GIN  G powerplant  was 
not  considered  in  this  study*  Addition  of  that  volume  by  opening 'the 
waste  t.ates  at  the  powerplant  could  release  a peak  flow  of  about  350 
m^/ sec.  The  canal  would  be  emptied  in  approximately  4 hours.  This 
would  silently  increase  the  rragnitude  and  duration  of  the  artificial 
flood.  The  effects  of  the  flood  studied  are  summarized  in  Table  6. 

The  peak  discharge  profile  and  representative  stage  hydrographs  at 
several  critical  locations  are  shown  on  the  flood  graphs  of  Plate  11a, 
This  coordinated  operation  would  result  in  a flow  variation  with  peak 
discharge  approaching  the  iraxLmum  capacity  of  the  respective  weirs, 

1825  /sec  for  KIRCHBICHEL  (Rr-8)  and  3500  to  3750  mVsec  f-*r  the 
other  Group  A weirs.  Separate  operation  of  individual  weirs  would  re- 
sult in  approximately  the  same  discharge,  immediately  dowfc -cream  fran  • 
the  weir  operated,  as  for  combined  operation  of  all  the  weirs  involved 
in  this  artificial  flood.  However,,  the  peaks  would  be  more  sharply 
reduced  as  the  flood  progressed  downs  tream  and  its  duration  consider- 
ably shortened.  The  crest  of  Artificial  Flood  No,  1-1  would  result 
in  an  increase  over  initial  stages  of  1 to  6 m in  the  open  river  sec- 
tions not  included  within  the  backwater  pools  of  the  weirs.  However, 
the  pool  stages  would  not  be  raised  appreciably  during  the  passage  of 
the  crest  and,  of  Course,  would  be  greatly  lowered  as  the  pools  were 
emptied.  The  crest  stages  would  be  within  banks  for  most  of  its  course. 
Velocities  during  the  passage  of  the  crest  would  be  increased  to  about 
3 tv  5 m/sec  in  seme  places*  Representative  critical  values  extracted 
from  Table  6 are  presented  in  the  following  tabulation: 


Peak  Values  - Flood  No.  1-1 


Station 

.No, 

Station 

N«nr 

Stream 

Deoth 

(in) 

Overflow 

Heieht 

(m! 

r.ridth 

Flooded 

(m) 

Mean 

Surf.  Vel. 
m/ sec 

Duration 
above  Bank 
(hrs.) 

_• 

! 0-2 

ROSENHEIM 

2.0 

In  Banks 

300 

2.5 

0 

0-3 

WASSSRBURG  F$RRY 

6.0 

0,5 

4.53 

4.5 

2 

. 282 

BRAUNAU  GAGE 

5.5 

In  Bariks 

280 

5.0 

0 

G-5 

"TERNS  TE3N 

4.0 

In  Bdnks 

. 4C0 

3.5 

0 

(3)  INN  River-Artificial  Flood  No . 1-2  results  from  similar 
gate  openings  as  Flood  No.  1-1,  except  that  the  INN  River  Group  B weirs 
were  considered  as  also  being  in  operation  with  initial  full  pools.  The 
gates  of  the  Group  B weirs,  R-14  to  R-16,  were  considered  a3  being  opened 
9 hours  after  the  initial  gate  opening  operation  at  the  farthest  upstream 
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weir,  KIRCHBICHEL  (R-8),  Above  ths  BRMrttttj  Weir  (R-14),;  ^fects  would 
be  identical  to  I' lend  No.  1-1.  Dcwratream  from  that  weir,  the  crest 
would  be  considerably  higher  and  its  duration  longer,  as  may  be  seen 
from  the  summary  of  effects;  of  Table  6 and  the  graphs  of  Plate  11a. 

The  large  discharge  capacity  of  the  Group  B weirs,  7300  to  8700  hk /sec, 
would  create  a flew  variation  of  considerable  magnitude.  Stages  down- 
stream  from  BRAWftU  would  be  raised  to  nearly  10  m above  initial  base 
f jjOv  stages  in  open  river  reaches,  but  pool  stages  immediately  upr  ream 
from  the  weirs  would  not  be  appreciably  increased  during* the  passage  • 
of  the  wave.  As  in  the’  case  of  the  previous  krtificial  flood.  No,  X-l, 
separate  operation  of  individual  weirs  could  be  expected  to  result  in 
shorter  flow  variations  of  practically  identical  peak  discharges  im- 
mediately below  the  woir  operated*  Farther  downstream  effects  would  be 
much  less  than  with  combined  operation  of  several  weirs.  Downstream 
from  BRAUNAU, . the  crest  of  Flood  No.  1—2  would  be*  near  top  of  banks  or 
dikes.  In  seme  places  banks  would  be  overtopped.  For  example,  flood- 
ing to  ,3,5  ra  over  the  bank  would  occur  near  WERf! STEIN • The  width  of  the 
water  obstacles  in  flooded,  overbank  areas  would  reach  about  1 km  in 
places.  Peak  velocities  would  be  extremely  high,  reaching  to  about 
6.5  rn/sec  in  some  locations.  The  following  tabulation  presents  critical 
values  at  key  locations  as  abstracted  'from  Table  6: 


Peak  Values  - Flood  No.  1-2 
Stream  Overf  low  Width  Mean  Duration 
Station  Station  ' Depth  Height  Flooded  Surf.  VelV  above  Bank 

No.  Name  ’ " (m)  (m)  - (m)  m/sec-  (Hrs.) 

Above  BBAUNA.U  • Same  as  Flood  No  * 1-1 

282  BRAGNAU  Gage  9.0  1.5  1000  3.5  1 

R-16  EGGLFPTG  Tailwater  11.5  Bankfull  ' 500  1 6.5  0 

G-5  T7ERNSTEIN  9.0  *3.5  400  5.0  10 


(4)  PIN  River-Artificia  1 Flood  No.  1-3  represents  the  com- 
bination  of  discharge  from  iuRGHBICHEL  (14-8.)  and  the  Group  A INN  River 
weirs  used  in  Flood  No.  1-1,  plus  the  flood  wave  resulting  from  breach- 
ing of  LXMBERG  Dam  (R-27)  on  KAPHJNER  ACHE,  a tributary  of  the  SALZACH. 
The  latter  corresponds  to  Artificial  Flood  No . S-l,  described  in  para— 
graph  4— 02d(3) . By  breaching  LIMB  ERG  Dam  2 hours,  before  opening  the 
gates  of  KIBCHBICHEL  and  5.5  hour3  before  gate  openings  of  the  :GPoup  A 
weirs,  the  peaks  would  approximately  coincide  at  the  junction  of  the 
SALZACH  and  INI!  Rivers,  l&n  68.  This  would  result  in  slightly  increased 
effects  downstream  of  that  junctibh,  ovef  those  resulting  from  the 
separate  Floods  1-1  o^:  S-l.  Comparative  effects  c«ai  be  seen  bn  Table  6 
and  on  Plate  11a.  , At  WEHNSTEIN,  the  peak  discharge  of  Flood  No,  1-3 
would  be  2980  m-ysec,  compared  to  2010  m-^/sec  for  Flood  No.  1-1,  and 
1760  u^/sec  for  Flood  No,  S-l.  However,  this  increase  would  be  suffi- 
cient.  to  effect  overtopping  of  banks  at  some  critical  places  where* the 
crest  of  Flood  No . 1-1  would  be  slightly  below  bankfull.  Likewise, 
velooitiea  and  other  factors  would.be  similar  in  Floods  1-1  and  S-l. 
Critical  values  on  the  INN  River  at  BERNSTEIN  (G-5)  abstracted  from 
Table  6 for  Artificial  Floods  Nos.  S-l,  1-1  and  1-3  are  shown  in  the 
following  tabulation  for  comparison: 
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Peak  Values  a*  WERNSTEIN  (G-5) 


• * 

Flood 

No. 

, 

Floods  Nos. 

S-l.  1-1, 

k 1-3 

Duration 
above  Banks 
(Mrs. ) 

Stream 

Depth 

(m) 

Overflow 

Height 

Am)  ... 

Width 

Flooded 

(m) 

Me&n 

■ Surf.  Vel. 
• m/see 

S-l 

3.5 

In  Banks 

300-  • 

3.0 

o- 

1-1 

4.0 

In  Banks 

400 

3.5 

0 

1-3 

5.0 

• 0.5 

400 

4.0 

4 

(4)  INN  River-Artificial  Flood  No.  1-4  shows  the  effect  of 
coordinating  breach  discharge  from  LIMB ERG  2am  (Flood  No.  S-l)  with  . 
the  gate  releases  cf’all  eight  existing  INN  River  weirs,  as  represented 
by  Flood  No.  1-2,.  The  resulting  increase  in  effects  downstream  from 
the  SALZACH-INN  junction  would  not  be  appreciably  greater  than  for 
Flood  No.  1-2.  The  additional  volume  from  LIMB  ERG  Dam  would  slightly 
increase  durations  on  the  recession  side  of  the  hydrograph.  Reference 
is  made  to  the  surmary  of  effects  in  Table  6 and  to  the  flood  graphs 
on- Plate  11a.  The  following  tabulation  shows  that  effects  at  r.rEH'!S/TElN 
are  identical  for  Flood  Nos*  1-2  and  1-3* 

• ' 

Peak  Values' at  WEHNSTEIN  (Cfc-5) 

* Floods  Nos.  1-2* & 1—3  • 

Stream  Overflow  Width  Mean  Duration 

Flood  - Depth'  Hei^it  ..-.Flooded  Surface  yel»  " above  Bank 
No#  (m)  - (mV  (mV-  m/sec  (Hrs,) 

It^  &-  •'  •••-••  * " 

1-3  9.0  3.5-' 400  5.0  10 

■ (5)  SALZACH  River  Basiil.  Opening  oh  bleaching  the  outlets,  of 
the  hydroelectric  dams  in  the  SA1ZACK  Basin  wduld  riot  prod  ice  large 
streamflow  variations,  as  the  discharge  capacities  are  less  than  stream 
channel  capacities.  Some  increase  inr velocities. and  stage  might  be 
expected  for  short  distances  dovr.stredm  from  the  outlet  releases,  but 
would  probably  not  be  critical  in  most  cases  i'  Combined  operation  of 
outlets  of  a metier  of  dams  might  produce  worthwhile  results,  but  the 
necessary  coordination  would  be  very  complex  and  was  not  analyzed  in 
this  stuefor. 


• • (6)  TRAUN  River  Basin.  Water  released  by  operation  of  the 

regulated  outlets  of  the  many  small  weirs  along  the  streams  of  the  TRAUN 
River  basin  would  produce  some  variations  of  stages  and  discharges  a 
short  distance  downstream  of  the  structure  operated.  However,  the 
stage  would  bo  raised  less  than  1 m»  Velocities  would  not  exceed  3 m/sec, 
and  very  little-  over  bank  flooding  might  bo  expected.  Except  for  the 
weirs  at  the  lake  outlets,  the  wlvrie  of  water  impounded  by  the  weirs 
is  sitjal-i*.  Consequ^n-tily.j  duration  of  streamflow  variations  would  be 
short,  uiless  a nprrbpr  of  weirs  were  progressively  opened.  Opening  of 
the  weirs  would  cause  the  stream  depths  upstream  from  the  weirs  to  be 
lowered  by  emptying  of  the  pools.  Reference  is  made  to  paragraph  4-02 
for  discussion  of  the  effects  of  major  flood  waves  produced  on  the  TRAUN 
River  by  means  of  breaching  dams  located  at  the  outlets  cf  the  various 
lakes  in  the  TRAUN  River  basin. 
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(7)  ENKS  River  - Artificial  Flood  No.  E^2  involves  sudden 
full  opening  of  the  gates  of  STAKING  Weir  (R-51)  full  pool  conditions. 
It  was  assumed  in  this  flood  that  the  MtJEHLRADING Weir  (Rr-52) , 6 km  down- 
stream had  previously  been  opened  or  destroyed  and  its  pool  empty. 

Effects  of  this  flood  are  summarized  in  Table  6.  Peak  discharge  pro- 
file and  stage  hydrographs  arc  shown  >n  Plate  lid.  This  flood  wave 
would  have  an  initial  peak  discharge  of  3550  m3 /see  at  STANING  Weir, 
and  the  total  10.0  hnr  stored  in  the  pool  would  be  discharged  in  approxi- 
mately 2 hours.  At  ENNS  (No.  482),  16  km  below  the  weir  and  4 km  above 
the  mouth  of  the  river,  peak  discharge  would  be  1750  m3/sec  above  the 
220  m3 /sec  base  flow.  Although  the  wave  would  remain  within  banks  for 
most  of  its  travel,  the  stage  at  'ENNS  would  be  raised  2.5  m and  the 
velocity  increased  from  2,0  m/sec  initially  to  4.5  m/sec  at  the  peak. 
These  changes  would  be  rapid,  occurring  in  only  about  one  hour.  SlightJy 
lower  effects  downstream  from  MUEH1RADIMS  Weir  could  be  expected,  if 
that  weir  were  operated  under  full  pool  instead  of  STANING  Weir,  since 
its  pool  only  holds  one-half  as  much  water  as  does  STAKING . The  follow- 
ing tabulation  shews  critical  effects  caused  by  operation  of  STAKING 
Woir  under  conditions  assumed  for  this  Artificial  Flood  N >•  E-2: 

Peak  Value s-Flo  d No.  E-2  

Stream  Overflow  vridth  Mean  Duration 


Station 

No. 

Station 

Name 

Depth. 

(m) 

Height 

(m) 

Flooded 

Cm) 

Surf.  Vel. 
m/seo 

above  Bank 
(Hrs.) 

R-51 

STANING 

14.5 

In  Ban!® 

210 

3.5 

0 

482 

ENNS  * 

5.5 

In  Banks 

150 

4.5 

0 

(8)  ENNS  River  - 

■ Artificial  Flood 

No.  E-3  is 

similar  to 

Flood  No.  E-2,  except'  that 

in  this 

case  the 

GROSS-RACING  Weir  (R-47), 

the  farthest  upstream  of  the  four  existing  ENN3  River  weirs,  was  con- 
sidered instead  of  STAKING  Weir  (R-51).  All  downstream  weirs  were 
considered  destroyed  and  pools  emp ty . The  initial  peak  discharge  of 
3500  m3/sec  from  GROSS  RACING  would  be  practically  the  same  as  the 
3550  m3/sec  peak  discharge  from  STAKING.  However,  si-nce  the  storage 
capacity  of  GROSS  RAM  TNG  is  16  hm3^  compared  uo  10  tar  for  STANIJC, 
the  duration  of  the  wave  wo uld  be  longer.  Stages  at  STEYR  (No.  4o7), 

33  km  d wnstream  from  GRDSGRAMTO,  would  be  increased  4 m.  Velocit3.es 
at  the  peak  would  reach  3.5  m/feec.  At  ENNS  (No.  482)^  4 km  above  the 
DANUBE  confluence,  the  peak  discharge  would  be  1630  m-'/s.ee,  an  increase 
of  1610  m3/sec  above  the  iriitial  base  flow  of  220  m3/sec.  This  would 
cause  a 3 m rise  in  stage  and  an  increase  of  velocity  from  2.0  m/sec 
initially  to  4.5  m/sec  at  the  peak.  The  effects  here  and  at  other 
places  below  STANING  Tfould  be  practically  the  same  as  Flood  No.  E-2. 

The  wave  would  remain  mi thin  banks  for  most  of  its  travel.  The  peak 
would  occur  within  an  interval  of  only  1 to  2 hours  after  the  start  of 
the  wave  reached  ENNS,  2 nours  after  opening  the  GRDSSRAMICNG  gates. 

The  following  table  shavs  critical  peak  values  of  Artificial  Flood 
No . S-3  at  STEYR  and  ENNS : 
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Station  Station 
No*  Name 


Peak  Value s-Flood  No.  E-3 

Stream  Overflow*  Width  Mean  Duration 

Depth  Height  Flooded  Surf.  Vel.  above  Banks 
(m)  (m)  (m)  m/sec (Hrs.) 


STETR 

ENNS 


In  Banks 
In  Banks 


(9)  ENHS  River  - Artificial  Flood  No.  E-4  represents  combined 
coordinated  releases  from  all  four  existing  J3HN3  River  weirs.  AH  pools 
were  considered  full  and  the  gates  operative.  In  order  to  give  maximun 
combined  effects,  the  opening  of  gates  was  ass\med  to  be  timed  as  follows; 
GROSS  RAMING  (R-47)  at  Hr.  0,  TERMS  ERG  (R-48)  at  Hr.  0.5,  STANING  (R-51) 
and  MUEHLRADING  (R-52)  at  Hr.  1.5*  The  peak  (discharges  from  each  weir- 
vnuld  be  nearly  identical,  3500  to  3720  m^/aet  as  sh^wn  in  the  surtinary. 
Table  6,  and  on  the  flow'd  graphs,  Plate  lid.  The  effects  would  be 
approximately  vie  same  magnituie  as  from  any  individual  weir  (as  con- 
sidered. in  the  previous  Floods  No.  E-2  and  E-3)  but  the  duration  would 
be  greater  due  to  the  greater  sustaining  influence  of  the  36  hm3  volume 
released  from  the  conbined  pools.  At  STEYR  (No.  467),  the  stages  would 
be  raised  3 m in  about  one-half  hour,  whi.le  at  ENNS  (No.  482),  the 
stages  would  rise  4*5  m in  one  hour.  It  would  take  about  3 hours  for 
the  crest  of  the.  wave  to  travel  from  GRDSSRAMING  to  ENNS,  4 km  above 
the  mouth,  with  weir  openings  scheduled  as  indicated  above.  Crest 
stages  would  remain  within  banks  fir  mest  of  the  Course,  but  velocities 
would  range  between  3.5  to  5 »0  m/sec  during  the  passage  of  the  peak  flow. 
The  following  tabulation  lists  critical  values  for  Flo  d No.  E-4  at 
several  key  locations; 


Peak  Values  - Flood  No.  E-4 
Stream  Overflow  Tidth  Mean-  Duration 

Station  Station  Depth  Height  Flooded  Surf.  Vel.  aj»ve  Banks 
No.  Name  (m)  ‘ (m)  (m)  (m/sec)  (Hrs.) 


467  STEYR 
482  ENNS 


In  Banks 
In  Banks 
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artificial  flooding  produced  by  Stillwater  barriers  and  drainage 
obstacles  .along  the  main  stems  of  the  INN,  SALZACH,  TRAUN  and  ENNS 
Rivers.  StudB.es  were  largely  based  on  a map  stiicfy  using  1;25,000  or 
I; 50, GOO  n»ps  supplemented  by  topographic  data  and  descriptions  contained 
in  References  3,  6,  7,  8,  10  and  12.  Exact  determination  -f  elevation 
Contours  and  boundaries  was  not  possible.  First-hard  information  should 
be  obtained  by  local  reconnaissance  regarding  ground  elevations  and  the 
locations,  elevations,  and  dimensions  of  levees,  roadf ills,  culverts  and 
sluices  in  the  vicinity  of  specific  likely  sites  in  order,  to  accurately 
define  the  area  subject  to  artificial  inundation. 
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b • Hydrologic  Considerations « 

(1)  The  effect  of  artificial  flooding  by  means  of  Stillwater 
barriers  or  drairfcge  obstacles  is  largely  contingent  upon  the  hydrologic 
conditions  prevailing  at  the  time  of  the  operation.  The  volume  of  water 
stored  and  available  within  the  river  basin,  the  river  stage,  water- sur- 
face gradient,  ctreambed  slope,  and  the  rate  of  flow  of  the  stream  are 
important  factors.  Reference  is  made  to  Sections  H and  in  for  des- 
cription of  expected  conditions . 

(2)  The  generally  ste<p  gradients  of  these  mountainous  streams 
reduces  the  opportunity  far  effective  use  of  temporary  damning  operations 
for  artificial  flooding.  In  the  lower  reaches  and  also  in  certain  other 
relatively  flat  reaches  (less  than  2m/km)  along  the  streams,  gradients 
are  sufficiently  low  so  ttet  some  inundation  might  be  produced  by  erec- 
tion of  temporary  dans  to  reasonable  heights.  Reference  is  made  to 
paragraph  2-05  and  to  the  stream  profiles-  of  Plates  3a  to  3g  for  indica- 
tions of  gradients, 

(3)  Considerable  variation  exists  in  stages  and  flows  not 
only  between  high  and  low  water  but  also  seasonally,  and  even  from 
year  to  year.  Reference  is  made  to  paragraphs  3-04  and  3-05  and  to 
Plates  6 and  7 for  details  of  those  variations.  The  mean  and  extrema 
discharges  presented  in  the  following  table  illustrate  the  possible 
range  of  discharge  available  for  supplying  water  to  Stillwater  barriers 
along  the  lower  reaches  of  the  rivers. 


Discharge  (m^/secl 


River 

Maximum 

Mean 

Minimum 

INN 

2000-7000 

300-700 

60-180 

SALZACH 

1000-3000 

100-250 

,20-  60 

TRAUN 

1000-2000 

100-150 

' 10-30 

ENNS 

1000-3000 . 

100-250 

20-  50 

c.  Means  of  Creating  Stillwater  Barriers  and  Drainage  Obstacles. 

(1)  The  width  and  depth  of  water  obstacles  afforded  by  the 
rivers  of  the  AUSTRIAN  ALPS  could  be  increased  by  utilization  of  one 
or  mere  of  the  following  means: 

(a)  Creaticm  of  Stillwater  barriers  by  construction  of 
temporary  dams  at  bridge  sites,  combined  with  olosing  of  culverts 
and  other  openings  in  levees  and  road  fills  , 

(b)  Increase  of  extent  of  pools,  upstream  from  existing 
dams  and  weirs,  by  raising  the  height  of  the  structure  or  the  oper- 
ating pool  level*- 

(c)  Creation  of  Stillwater  barriers  by  causing  artificial 
landslides  to  block  the  stream  valle-  at  gorge  sections. 
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- d • Effect  of  Stillwater  Barriers  and  Drainage  Obstacles. 

(1)  General.  Due  to  the  steepness  of  stream  gradients  and  to 
the  prevalence  of  stream  banks,  temporary  dams  woulr  v>ave  to  be 
generally  carried  to  elevations  of  4 to  5 m above  norma . nv:  -n  water 
levels  In  order  to  produce  Stillwater  barriers  of  significant  length 
and  width.  Formation  of  continuous  barriers  is  not  considered  practi- 
cable in  view  of  these  topographic  limitations.  Review  of  potential 
effects  at  likely  locations  for  creation  of  Stillwater  barriers  and 
drainage  obstacles  along  the  INN,  SALZACH,  TRAUN  and  E1WS  Rivers  is 
discussed  in  this  section  of  the  report. 


(2)  m River. 

(a)  LOWER  INN.  Mouth  • (Krn  0)  to  Bavarian -Austrian  Border 
(Kin-  219).  The  pools  created  by  the  eight  existing  power  dams  along 
this  reach  are  appreciable  water  obstacles.  Erection  of  the  ten 
additional  proposed  dams  (or  construction  of  temporary  dams  at  those 
sites)  would  create  a practically  continuous  water  obstacle.  (See 
Plates  1 and  3c  for  locations.  Table  5 for  svmmaiy  df  dam  data,  •: 

Exhibit  A for  description  of  these  dams,  and  Plate  9&  to  9c  for  sketches 
of  typical  installations ) . These  pools  are  6 to  10  ra  above  the  noxtnal 
water  level,  up  t ' about  1000  m wide,  and  extend  from  5 to  10  km  up- 
stream from  the  dams.  While  the  pool  levels  migit  be  slightly  increased 
in  some  cases  by  raising  the  crest  of  the  weir  gates,  no  appreciable 
increase  in  pool  dimensions  could  be  expected. 


(b)  MpDLE  INN,  Bavarian-Austrian  Border  (Km-  219)  to 
INNSBRUCK  (Km  298) . Some  shallow  (0«5— 1.0  m)  inundation  if  bot'tom 
land  adjacent  to  the  river  could  be  effected  by  temporary  dams  at  a 
few  bridges.  Widths  of  resulting  flooding  would  average  from  300  to 
1000  m and  lengths  from  1 to  6 km.  Breaching  of  levees  during  above- 
normal  stages  and  disruption  of  drainage  facilities  would  create 
drainage  obstacles  in  the  poorly  drained. mar shy  hollows  and  old  meanders 
between  KUFSTEt N (Rn.  220)  aid  ROTHOXZ.-.Xftn  261),  along  the  lower  reaches 
of  Ihe  ZILLER  River  near  its  mouth  (Khi.  256),  and  in  the  flat-floored 
valley  near  INNSBRUCK  (fen  298).  Erection  of  temporary  dams  at  suitable 


%.  -i  r 


urougo  w (iexgrn/3  ox  3 t 


* 5 Ri  above  mean  water  level  would 


create  shallow  flooding  (0.5-l.C  m)  of  bottem  lands  adjacent  to  the 


stream.  The  widths  of  flooding  would  average  from  300  to  1000  m and 
would  extend  from  1 to  6 km  above  the  sites.  Formation  of  a continuous 
Stillwater  barrier  would  not  be.  practicable  anl  major,  railroads  and 


highways .would 'hot  be  flooded.  The  following  tabulation  illustrates 
the  nature  of  Stillwater  barriers  at  several  suitable  Sites  indicated 
by  serial  number  on  Plate  1* 
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Serial 

No, 

Location 

River 

Kh? 

Pool  Dimensions 
Height  (m)  Total 

above  MW  Icrs  srfch  (km) 

Average 
width  (m) 

B-l 

BICHLWANG  RR  Br. 

227 

5 

6 ' 

400 

B-2 

ANGATHKwy.  Br. 

234 

** 

j 

5 

300 

B-3 

BKEITENBACH  Hwy.  Br. 

242 

5 

2 

1000 

B-4 

3RULEGG  RR  Br. 

252 

• 4- 

5 

700 

B-5 

JENBACH  Hwy.  Br. 

262 

• 4 ' 

1 

500 

‘ (c)  UPPER  BIN.  INN5BHJCK  (Rn«w  393)  to  MARTINS BRJC K (Bn*  416) 

Suitable  sites  for  significant  Stillwater  barriers  arc  scarce  in  this 
reach*  Banks  and  r^ads  are  hi#i , floodplains  are  narrow,  and  stream 
gradients  are  fairly  steep,  Scrae  shallow  flooding  of  b>tturo  lands 
mi^it  be  effected  ty  erection  of  temporary  dams  at  bridg®s  or  other  con- 
stricted sections.  Disruption  of  ii'ri gation  and  drainage  facilities 
cc.uld  cause  inundation  of  the  numerous  small  irrigation  and  drainage 
projects  along  the  stream  from  INNSBRUCK  (Km  298)  nearly  to  MARTI  rR— 
BHJCK  (Kin  416).  Upstream  from  ZIRL  (Rn  312),  the  higi  banks  and  steep 
stream  gradiaits  make  Stillwater  barriers  ineffective.  Effects  of 
temporary  damning  operations  are.  siemarized  in  the  following  tabulation 
for  several  of  the  mere  suitable  sites: 


e , * Pool  Dimensions 

Serial  River  Height  (m)  Total  Average 

- Nc«  location  Rn  above  MW  length  (km)  width  (m) 

B-6  KRANEBITTEN  Hwy.  Br.  304  '3  5 400 

B-7  ZIRL  Ifoy.  Br.  312  3 2 ' 600 

(d)  • SWISS  Portion  of  INN.  Upstream  from  MARTINS  BROCK.  The 
INN  River  in  this  reach  is  a swift,  steg?,  and  narrow  mountain  torrent. 
Consequently , nc  opportunity  'exists  for  creation  of  effective  still- 
water  barriers  or  drainage  obstacles, 

(3)  SALZACH  River  . " 

• i. 

(a)  Mouth  (Rn  0)  to  SALZBURG  (Km  66),  Some  flooding  of 
abandoned  meanders  and  bottom  lands  ccnld  be  effected  by  breaching  of 
the  extensive  systan  of  dikes  and  other  river  regulation  works  in  this 
reach,  whsi  river ..fl»"s»a  were  high • No  suitable  sites  for  temporary 
danraing  ekl.st  in  the  reach  from  the  mouth  to  EURGHAIEM  (Km  .12).  The 
gorge,  section  from  that  place -upstream  to  PLATTENBURG  (Tftn  '22)  is 
likewise  unsuitable  for  Stillwater  barriers.  Temporary  dams  erected 
near  the  upstream  erri  of  tha  t gorge  or  at  the  ETTENAU-TITWTONING  high- 
way.  bridge  (Kin  27)  would  create  shallow  pools . Broaching  of  levees 
in  the  reach  between  TITTMONING  (Rn  27)  and  SALZBURG  (Rn.  66)  when 
river  stages  are  1 to  2 m above  MW  would  flood  much  of  the  1 to  2 km 
wide  meander  belt  and  flood  plain.  The  LAUFEN  higwray  bridge  (Rn  49) 
appears  to  be  the  only  site  suitable  for  temporary  dams,  since  trans- 
verse aihankments  or  other  constricted  sections  are  lacking  in  this 
reach.  The  following  tabulation  summarizes  the  Stillwater  barrier  effects 
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Pool  Dimensions 


Serial 

No. 

Location 

River 

Km 

Height  (m) 
above  MT 

Total 

length  (km) 

Average 
width  >'m) 

B-8 

PLATTENBURG  Gorge 

22 

3 • 

• 1 

400 

B— 9 

ETTENAU  Hwy.  Br. 

27 

‘2 

3 

1500 

B—10 

IAUFEN  Hwy.  Br. 

49 

3 • 

3 

1000 

0>)  SALZBURG.  (Kni  66)  to  BRUCK  (Km  162),  No  suitable 
sites  for  significant  stillwatar  barriers.  exLst  in  this  reach.  Some 
sli^it  increase  in  stream,  width  migit  be  effected  by  raising  the  crest 
of  the  HALLE  IN  weir  (Km  83)  if  permitted  by  the  weir  ccnstnjction  • 
Breaching  of  levees  at  aboveHno.rmal  stages  and  disruption  of  drainage 
facilities  -would  cause  inundation  of  old  meanders  and  the  poorly 
drained  flo<d  plain  of  the  basin  extending  upstream  to  GOLLING'  (Km  94). 
The  steeper  stream  gradient  and  narr  w valley  above  that  place,  especially 
in  the  ST.  JOHANN— BKJCK  gorge  (Kin  127— Km  160)^  minimize  the  possibility 
of  creating  Stillwater  barriers.  It  might  be  possible  to  block  the  river 
by  means  of  .landslides.  In  this  connection,  it  i3  interesting  to  note 
that  the  valley  was  inundated  for  about  2 km  upstream  from  T7EEFEN  (Km  110) 
in  1947  when  the  INN  was  damned  by  deposits  brought  down  frem  the  REICH- 
HDFGRABEN,  as.  described  in  Reference  10. 


(c):  BHJCK  (Km  162)  to- WALD  (Kin  21D).  The  wide  flat  flood 

plain  and  relatively  flat  padient  of  this  reach  (as  indicated  on  the 
stream  profile,  Plate  3d),  increases  its  potential  for  Stillwater  barrier 
use.  Breaching  of  dikes  and  disruption  of  drainage  facilities  along  the 
river  during  above-normal  stages  would  produce  inundation  of  the  marshy 
pasturelana  and  reclaimed  bogland  in  .this  basin.  Erection  of  temporary 
dams  at  constricted  sec.i-.ion6  coupled  with  levee  breaching  would  like- 
wise produce  flooding  in  this  area.  A practically  continuous  still- 
water  barrier  500  to  1000  m,  wide  could  be  effected  ty  erection  of 
temporary  dams  at  bridges  in  the  reach  between  BRICK  (Kin  162)  and 
KAPRUN  (Km  169),  to  3 m above  MW  at  1 km  intervals  from  there  to 
FITTERS  ILL  (Km  189),  and  at  0.5  km  ihtorvals  from!  there  to  WALD  (Kin  209). 
Pertinent  features  of  resulting  Stillwater  barriers  at  several  suitable 
sites  are  contained  in  the  following  tabulation* 


Pool  Dimensions 


Serial 

No. 

location 

River 

Hn 

Height  (m) 
above  MKT 

Total 

length  (Kin) 

Average 
width  7m) 

&-11 

BRICK  RR  Br. 

162 

4 

2 

1200 

B— 12 

MAYEREINOED  Hwy.  Br. 

165 

4 

2 

1000 

B-13 

7UEKTH  Hwy.  Br. 

167 

4 

2 

600 

TTTT 

J.V-ICW 
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(d)  Upstream  f rcm  WALD . The  gradient  is  too  steep  and  the 
valley  too  narrow  in  thi3  reach  for  significant  Stillwater  barriers. 

(4)  TRAUN  River. 


(a)  Mouth  (Kin  0)  to  LAMB  AO  H (Km  Z.7) . .Breaching  of  levees 
and  bank  revetments  along  this  reach  when  stages  are  above  normal,  would 
result  in  inundation  of  the  braided  channel  area  of  the  TRAUN  and 
MUEHLBACH  and  their  1 km  wide  flo  d plain.  However,  banks  lie  from 
3 to  5 m above  the  eroded  stream  bed  and  in  some  places  even  ad  high 
as  10  in.  This,  coupled  with  the  scarcity  of  constricted  transverse 
sections  and  the  great  lengths  of  bridge  opaiings,  minimizes  the 
possibility  for  creation  of  significant  Stillwater  barriers  by  erection 
of  temporary  dans.  Raising  the  crests  of  the  many  small  mill  darns  and 
weirs  would  nut  appreciably  Increase  the  width  of  the  water  obstacle 
and  would  merely  result  in  an  increase  of  depth  for  short  distances 
upstream. 


(b)  Upstream  from  LAMBACH.  The  narrow  flood  plains  and 
steeper  gradients  in  the  upper  reaches  of  the  TRAUN  basin  make  creation 
of  s ignif leant  Stillwater  barriers  impracticable.  Raising  thr  level 
of  the  lakes  by  temporary  dams  would  not  appreciably  increase  the  area 
covered  cy  the  lake  surface. 

(5)  ENNS  River. 

(a^  Mouth  (Km  0)  to  STEYR  (Km  32).  Due  to  the  incised 
nature  of  the  stream  bed  in  this  reach,  tanporary  dams  would  have  to  be 
extended  to  heights  of  over  5 m to  create  appreciable  width  of  flooding. 
Fording  of  shallow  spots  .would  be  hindered,  however,  if  the  water  level 
were  raised  by  damning . Broaching  of  levees  and  bank  revetments  dur- 
ing periods  of  high  stages  would  inundate  the  old  river  meanders  in 
some  cases.  Raising  the  crests  of  existing  dams  such  as. MUEHLRADING 
( fr-52 ) and  STANING.  (R-51)  .would  not  appreciably  increase  pool  widths, 
as  existing  pools  are  defined  by  levees  immediately  upstream  from  the 
dans.  Breaching  of  these  levees  -would  merely  cause  the  water  in  the 
pools  to  bypass. the  dams,  thus  resulting  in  reduction  of  the  pool 
dimensions.  The  effect  of  the  flow  variations  resulting  from  operation 
of  those  dams  is  discussed  in  paragraph  4-03* 


(b)  STETR  (Km  32)  to  TOG  (Kn  135).  The  steep  high  banks 
of  the  river  in  this  reach  and  the  steep  gradient,  especially  in  the 
GESAEUSE  gorge  section  below  WENG  make  creation  of  Stillwater  barriers 
impracticable  along  this  portion  of  the  FUNS  River. 


(c)  7/ENG  (Bn  135)  to  3CKLADMIMG  (Km  213).  There  does  exist 
some  possibility  for  creation  of  drainage  obstacles  in  this  poorly 
drained  section.  Breaching  of  levees  and  disruption  of  drainage  facili- 
ties during  periods  of  above-normal  stages  could  cause  shallow  inundation 
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in  the  reclaimed  marshland  and  in  the  abandoned  river  meanders.  Those 
areas  would  remain  soft  for  long  periods  if  inundated.  Temporary  dams 
erected  at  suitable  bridge  sites  or  other  constrictions,  coupled  with 
levee  breaching  and  disruption  of  d rains. ge  facilities,  would  create 
similar  flooding  effects.  Insufficient  topographic  data  wore  avail- 
able to  permit  definition  of  resulting  flooded  areas  or  height  of 
damming  required,  but  several  sites  are  mentioned  in  the  following 
tabulation  for  consideration  as  likely  locations: 


Serial 

River 

No. 

Km. 

Location 

B-14 

134 

Near  1'.rENG,  Blocking  of  upstream  end  of 

GESAEUSE 

gorge 

B-15 

141 

ADMONT  Bwy.  Br« 

• 

B— 16 

152 

RF  Bridge  near  PALTEN  BACH 

B-17 

159 

RR  or  Kwy.  Bridge  near  LIE  ZEN 

B-18 

181 

RR  Bridge  near  NIEDEROEBLARN 

B—19 

200 

Ifcvy.  Bridge  near  AICH 

(d 

) Upstream  from  SCHLAEMING  (Sn  213). 

The  steep 

gradient 

and  nar 

row  valley  in  the  HANDLING  PASS  Upstream  from 

3CHLAIM1NG  offer 

but  slight  possibilities  fur  Stillwater  barriers,  in  the  flatter 
stretch  near  RABSTADT  (Kin  230),  breaching  of  dikes  and  disruption  of 
drainage  facilities  during  high  river  stages  would  recreate  swampy 
conditions  in  the  reclaimed  marshland  in  that  vicinity.  * Temporary  dams 
erected  at  suitable  constrictions,  such  as  the  bridges  near  RADSTADT 
(Kn  230)  would  create  similar  effects  if  combined  with  levee  breaching 
and  drainage  disruption  operations.  Due  to  lack  of  sufficient  available 
topographic  inferos  tion,.  detailed  quantitative  analysis  of  such  flooding 
possibilities  was  not  attempted  in  this  3tucfy . No  possibilities  exist 
for  formation  of  significant  Stillwater  barriers  or  drainage  obstacles 
in  the  steep  narrow  valley  above  the  junction  of  LITZLING  BACH  (Km  23^). 

e.  Water  Requirements  for  Stillwater  Barriers. 


(1)  'Hie  volume  of  water  required  to  create  the  Stillwater 
barriers  described  in  preceding  paragraphs  together  with  the  estimated 

W 11  r>/  4*V^o  c»o  -^*1  f AT**  * 
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pected  during  mean  water  (MW)  conditions  are  approximately  as  follows: 
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• Approxhnate 


River 

Site 

No. 

Water  Required 
(million  m^3 

Filling  Time 
(hrc.) 

INN 

B-l 

2.4 

2 

B-2 

0.8 

1 

, B-3 

2.0 

2 

1.8 

2 

B*-5 

0.2 

1 

B-5 

1.0 

2 ■ 

B~7 

0.8- 

2 

SALZACH 

B-8 

0.1 

1 

B-9 

1.8 

2 

B— 10 

1.5 

2 

B-ll 

If  ^ . 

10- 

B-12 

1.5 

9 

B-13 

- 0.5 

3 

TRAUN 

•<  . 

(Sites  not  suitable) 

ENNS 

B--14  to  B-19  (Volume  not  estimated) 

roately 

(2)  Under  low  water  conditions. 

i.t  would  take  up  to  approxi— 

5 times  as 

long  to  fill  the  Stillwater  barriers  as  under  mean 

water  conditions . During  high  water,  the  required  times  would  be 
considerably  reduced  a 3 the  extreme  flood  flows  are  as  much  as,  10 
times  as  great  as  mean  water  flows*  . 

(3)  Water  stored  in  the  hydroelectric  reservoirs  listed  in 
Table  5 would  be  available  for  supplementing  natural  flows  for  filling 
of  Stillwater  barriers  and  creating  draiage  obstacles.  However,  the 
headwater  reservoirs  are  mostly  small  and. do  not  store  much  water. 

The  lakes  of  tne  TRAUN  basin  and  the  pools  behind  the  weirs  in  the 
lower  reaches  of  the  INN  and  ENNS  Rivers  Contain  appreciable  volumes 
which  might  be  utilized  to  provide  water  to  inundate  marshy  areas  if 
the  protective  dikes  were  breached.  Reference  is  made  to  Table  5 and 
to  paragraphs  <4-02  and  4-03  for  data  and  discussion  of  the  volume  of 
water  that  could  be  released  from  these  structures  and  the  resulting 
discharges  and  stages. 

4-05  ARTIFICIAL  FIiOODiNG  POTENTIALITIES  OF VCANAIS  AND  LAKES. 

a.  Canals,  blocking  of  drainage  canals  and  channels,  coupled 
with  breaching  of  dikes  and  destruction  of  drainage  pumps  coulu  create 
"drainage  obstacles®  in  reclaimed  marshy  areas  and  old  river  meanders 
as  described  in  paragraph  4-04*  Breaching  of  r *er  canals,  conduits^ 
and  aqueducts  at  stream  crossings  or  at  locations  elevated  above  the 
surrounding  terrain  might  cause  some  local  flooding  as  well  as  snail 
increases  of  stage  and  velocity  in  the  streams  immediately  below  the 
breach. 


W -w 


IV- 23 

‘I  O £ 

§ i > c 


- N T I A L 


CONFIDENTIAL 

4-05 


b.  Lakes.  Possibility  of  utilization  of  the  large  volumes  of 
water  stored  in  the  deep  glacial  lakes  of  the  region,  described  in 
paragraph  2-13,  for  'artificial  flooding1  is  ..considerably  reduced  by  the 
constricted  size  of  outlet  streams  and  by  their  bottom  elevations 
lying  close  to  the  normal  lake  water  surfaces.  Raising  of  lake  levels 
by  damming  the  outlets  would  increase  the  volume  available  for  release 
but  would  require  from  about  a week  to  several  months  for  filling  at 
normal  rates  of  inflow,  as  indicated  in  paragraph  4-02c  for  the  lakes 
of  the  TRAIN  River  basin,  in  which  basin- rest  of  the  lakes  are  concen- 
trated. Artificial  flood  waves  from  the-  lakes  of  the  TRAUN  basin  are 
discussed  in  paragraph  4-02. 

-•  » • 

4-06  SUMMARY  o 

♦ • 

a.  General.  The  hydraulic  features  associated  with  artificial 
flooding  along  the  streams  covered  by  this  report,  as  described  in  pre- 
ceding paragraphs  4-01  thro  ugh  4-05,  are- herein  summarized.  Reference 
should  be  made  to  Section  V of  this  report  for  discussion  of  associated 
influence  upon  militaiy  operations , 

(1)  Major  Flood  Waves.  Breaching  of  the  dam  structures  of  the 
larger  hydroelectric  power  reservoirs  located  in  the  headwaters  would 
create  "major  flood  waves.®  The  height  and  length  of  the  artificial 
waves  depends  largely  upon  the  volume  of  water  released  from  the 
reservoir.  In  this  study,  detailed-  analysis  was  only  made  of  the 
effect  of  breaching  those  existing  dams  in  each  basin  that  have  the 
largest  reservoir  capacity.  Breaching  those  dams  probably  would 
produce  the  maximum  probable  artificial  flood  waves.  In  order  to 
produce  significant  flood  vraves  along  the  major  streams  by  use  of  the 
smal-ler  reservoirs,  coordinated  breaching  of  several  darns  would  be 
necessary.  Reference  is  made  to  paragraph  4-02  for  discussion  of 
effects  of  major  flood  waves  studied  in  the  LOWER  INN,  SALZACH,  TRAUN 
and  ENNS  River  basins,  to  Table  6 for  summary  of  data,  and  to  Plates 
lib  to  lid  for  flood  wave  ■ graphs  • Subsequent  paragraphs  4-0 6b  to  4-06e 
summarize  the  potentialities  of  major  flood  waves  in  individual  river 
basins. 
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gates  of  the  ■rm-of-the-rlveri  weirs  in  the  lower  INN  and  ENNS  Rivers 
would  create  significant  variations  in  stages  and  velocities.  Oveibank 
flooding  would  occur  at  low-lying  locations,  stages  would  approach 
bankfv.ll  for  most  of  the  course,  and  the  rate  of  rise  of  stage  and 
velocity  would  be  quite-  fast.  Reference’  is  made  iJo  paragraph  4-03  for- 
discussion  of  stbeamflow  variations,  to  T&ble  6 for  summary  of  effects, 
and  to  Plates  Ha  arJ  lid,  far  flood  graphs.  Opening  of  outlets  of 
other  hydroelectric  And  mill  dams,  listed  in  Table  5 or  described' in 
Exhibits  A to  D,  would  probably  not  produce  significant  streamflow 
variations  except  immediately  dovwistream  from  the  structures,  as  the 
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resulting  discharge  rates  in  most  cases  are  snail  relative  to  the 
stream  channel  capacities.  The  released  water,  however,  mirfit  he 
used  to  supjlaiiait  natural  flows  for  filling  of  Stillwater  barriers 
and  for  refilling  of  weir  pools  emptied  for  stream! low  variations. 
Sit) sequent  paragraphs  contain  a summaiy  of  effects  of  streamf low- 
variations  for  individual  river  basins . 


Parriers  and  Drainage  Obstacles.  Erection  of 
temporary  dams  at  bridge  opaiings  or  other  constricted  sections  to 

T**?  Stillwater  barriers  would  be  effective  only  at  a few  places  in 
the  flatter  reaches  of  the  streams.  Fonts ti on  of  a continuous  effective 
water  obstacle  by  this  means  would  not  be  practicable.  The  generally 
steep^  gradients  of  the  streams  render  this  means  of  artificial  flooding 
relatively  ineffective.  Breaching  of  levees  and  disruption  of  drainage 
faca lities  whai  stages  are  above  normal  would  create  drainage  obstacles 
by  causing  shallow  inundation  or  swampy  conditions  in  the  low- lying  re- 
claimed marshland  and  abandoned  river  meanders  that  exist  alone  various 


re<- 


S of.  . streams  in  this  region.  Reference  is  made  to  paragraph 
4-04  for  discussion  of  effects  of  Stillwater  barriers  and  drainage 
ODstacles  at  specific  sites.  Sifcsequent  paragraphs  contain  summary 
of  effects  for  individual  river  basins. 


(4)  Destruction  of  Temporary  Dams.  Demolition  or  failure 
of  the  tanporary  dams  used  for  Stillwater  barriers  would  produce  flood 
waives  of  short  duration  and  magnitude,  but  significant  effects  would 
oriu-y  prevail  for  a.  few  kilometers  below  the  destroyed  structure.  Ade- 
quate relief  spillways  or  outlets  should  be  provided  in  any  temporary 

aam  to  reduce  the  chance  of  untimely  failure  due  to  water  overtop  nine 
the  structure. 


^ , (5)'  Cabals.  Blocking. of  drainage  canals,  breaching  of  dikes, 

and  destruction  of  drainage  pumps  could  cause  shallow  inundation  of 
reclaimed  marshy  areas  and  abandoned  river  meander-beds  as  described 
ci  paragraphs  4-04  and  4-05 • Breaching  of  power  canals  and  conduits 
could  create  “local  inundation  and  variation  in  stage  and  velocity  ? 
but  effects  would  be  slight  in  most  cases.  However,  the  released* 
water  might  supplement  natural  flow  as  a source  of  supply  for  still- 
water  barriers  and  refilling  of  weir  pools  that  had  been  emptied  by 
opaiing  of  gates  to  create  the  streamf low  variations  discussed  in 
preceding  paragraphs. 

b.  INN  River. 

(1)  Major  Flood  Waves.  The  volune  of  water  impounded  by  the 
many  hydroelectric  power  dams  now  existing  in  the  headwater  of  this 
basin  are  too  small  to  produce  significant  flood  waves,  except  -imme- 
diately downstream  from  a breached  dam.  Opening  the  gates  of  the  Brun~ 
of-the -river”  weirs  along  the  L0VJER  INN  would  produce  large  "stream- 
flow  variations"  summarized  in  the  next  subparagraph* 
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(2)  Streamflow  Variations » The  large  discharge  capacities  of 
the  flood  gates  of  the  “run-of-the-river*  weirs  in  the  lower  reaches 
of  the  INN  River  affords  an  excellent  opportunity  for  creating  large 
and  rapid  streamflow  variations  by  suddoi  opening  of  the  gates.  Numerous 
combinations  of  gate  operations  at  various  weirs  could  be  made.  In 
general,  conbined  operation  of  several  weirs  would  not  greatly  change 
the  effects  immediately  downstream  from  individual  weirs.  However, 
the  greater  volume  of  water  involved  in  combined  operations  would  tend 
to  sustain  the  duration  and  peak  discharges  as  he  wave  traveled  down- 
stream. Cyclic  variations  could  likewise  be  created  by  various  com- 
binations nf  gate  opting  and  closing  operations  and  by  transfer  of 
water  from  upstream  pools  to  downtream  pools.  For  example,  cyclic 
operations  at  JETTENBACH  Weir  (R-12)  could  be  repeated  about  every 
2 hours  for  about  24  hours  total,  by  transfer  of  water  from  upstream 
pools j or  could  be  repeated  approximately  every  4 hours  for  as  long 
as  mean  water  conditions  prevailed.  In  this  connection,  reference  is 
made  to  the  estimated  refilling  times  listed  in  paragraph  4-0 3b.  Com- 
pletion of  additional  weirs,  now  under  construction  or  proposed  (as 
indicated  on  Plate  3c  and  discussed  in  paragraph  JU08  of  Exhibit  A), 
would  increase  possible  combinations  along  the  LOWER  IIN  River.  Refer- 
ence is  made  to  Table  6 for  summary  of  effects,  to  Plate  11a,  for 
flood  graphs,  and  to  Paragraph  4-03d  for  discussion  of  various  stream— 
flow  variations  considered  in  this  s^udy.  Reference  is  also  made  to 
Paragraph  A-05  of  Exhibit  A for  discussion  of  similar  streamflow 
variations  as  studied  by  the  German  Army.  Representative  effects  of 
Artificial  Flood  No.  1-2,  representing  combined  releases  from  all  exist- 
ing weirs  on  the  LOVER  INN  River,  are  presented  in  the  following  tabu- 
lations to  indicate  the  maxiimm  probable  effects  attainable s 

Artificial  Flood  No.  1-2 


Item 

Unit 

ROSENHEIM 
No.  G-2(Km  184) 

BRAUNAU 
No.  282 (Km  58) 

WERNSTEIN 
No.  G— 5(Km  8). 

Amplitude  of  rise 

m 

1.0 

6.0 

7.5 

Rate  of  rise 

m/hr 

0.3 

1.2 

Time  of  crest 

hr 

4 

9 

16 

Overflew  height 

m 

In  Banks  , , 

1.5 

3.5 

Width  flooded 

m 

300  . 

1000 

400 

Mean  surf.  vel. 
at  crest 

m/sec 

2.5 

3.5 

5.0 

•n  Practically  instantaneous,  less  than  one-half  hour. 

(3)  Stillwater  Barriers  and  Drainage  Obstacles.  The  pools 
formed  by  the  power  dams  across  the  lower  reaches  of  the  INN  River  in 
thamselves  are  appreciable  water  obstacles.  Temporary  dams  at  bridges 
in  the  reach  between  KUFSTEIN  (Kin  220)  and  JENBACH  (Km  262)  and  above 
INNSBRUCK  (Km  298)  would  create  short  Stillwater  barriers  about  1 to  6 
km  long,  300  to  1000  m wide,  and  averaging  0i5  to  1.0  m deep  over  the 
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flood  plain.  Breaching  of  levees  and  disruption  of  drainage  facilities 
in  those  vicinities  would  create  drainage  obstacles  in  reclaimed  marshy 
areas.  Reference  is  made  to  paragraph  4-04d(2)  for  more  detailed  dis- 
cussion, 

c.  SALZACH  River. 

(1)  Major  Flood' Waves.  Breaching  of  the  LIMBERG  Dam  (R-27), 
located  on  the  KAPEUNER  ACHE  11  km  above  the  SALZACH  confluence  at 
Km  166,  would  produce  a major  flood  wave  that  would  overtop  the  banks 
and  create  high  velocities  along  the  SALZACH.  The  effect  of  this  wave 
along  the  INN  River  belt**  the  SALZACH  junction  would  be  slight.  The 
flood  waves  created  by  breaching  other  dams  in  this  basin  woula  not  be 
significant  except,  on  the  tributary  streams  iirmediately  downstream  of 
the  breached  structures.  Summary  of  effects  of  the  flood  wave  produced 
by  breaching  LIMBERG  Dam,  designated  as  Flood  No.  S-l  is  contained  in 
Table  6,  sketches  of  the  dam  are  shown  on  Plate  9d,  flood  graphs  on 
Plate  lib,  and  discussion  is  contained  in  paragraph  4~02d.  The  follow- 
ing tabulation  affords  an  idea  of  the  magnitude  and  nature  of  the  effects 
produced  by  this  artificial  Flood  Wave  No.  S-l: 

Artificial  Flood  No.  S— 1 


Item 

Unit 

206,  - BHJCK  i.P* 
SALZACH  fin  161 

281,  ACK 
SALZACH  fin  11 

G-5i  WERIBTEIN 
- INN  fin:8 

Amplitude  of  rise 

ra 

6,0 

4.0 

2.0 

Rate'  of  rise 

m/hr 

6.0 

1.0 

0.3 

^ Time  of  crest 

hr 

* 1 

14 

25 

. Overflow  height 

m 

2.0 

1.5 

In  Banks 

Width  flooded 

m 

1000 

800 

300 

Mean  surf.  vel. 

at  crest 

m/sec 

5.0 

4.0 

3.0 

(2)  Streamflow  Variations.  Variations  in  stage,  velocity. 


and  stream  width  caused  by  releases  of  water  from  the  outlets  of  dams 
in  the  basin  would  be  slight,  except  imnediatbly  downstream  of  the 
struc tores.  Consequently,  no  analysis  of  streamflow  variations  was 
made  in  this  basin 

(3)  Stillwater  Barriers  and  Drainage  Obstacles.  Inundation 
of  abandoned  meanders  and  reclaimed  marshy  bottom  land  could  be  achieved 
by  breaching  levees  and  disrupting  drainage  facilities  near  TITTMONING 
(Km  271),  in  the  HALLEIN  basin  (Kin  83-94),  and  in  the  valley  from  BHJCK 
(Km  162)  to  WALD  (fin  209),  during  periods  of  above-normal  stages. 
Associated  raising  of  river  stages  by  erection  of  temporary  dams  at 
suitable  constricted  sections  in  those  reaches  would  facilitate  such 
flooding  and  create  Stillwater  barriers  from  1 to  3 km  long  and  400  to 
1500  m wide.  Reference  is  rrade  to  pa  ragraph  4-G4d(3)  for  more 
detailed  discission. 
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d . TRAUN  River. 

i 

(I)  Major  Flood  'Taves . While  the  many  lakes  in  the  TRAUN  basin 
store  enomrjus  volumes  of  water,  the  constricted  size  of  outlet  streams 
and  their  location  near  the  top  surface  of  the  deep  lakes  greatly  re- 
duces the  volume  available  for  discharge.  In  order  to  create  flood  waves 
of  significant  peak  height,  it  would  be  necessaiy  to  artificially  raise 
the  lake  levels  to  several  meters  above  n irrial  by  the  constructing  of 
special  tanporary  dams  at  the  outlets.  Breaching  of  the  dams  would 
release  waves  of  considerable  duration.  However,  it  would  be  necessary 
t®  combine  waves  from  at  least  the  two  largest  lakes,  the  TRAUN  SEE 
and  ATTER  SEE,  in  order  to  produce,  appreciable  overhaul:  flooding  in 
the  lower  reaches  of  the  TRAUN'  and  AGER  Rivers.  Breacning  of  similar 
•dams  at  other  lakes,  especially  if  nrmal  lake  levels  are  raised,  would 
increase  the  depths  and  velociti es  of  the  streams  downstream  from  those 
lakes  and  could  increase  the  duration  of  discharge  from  the  TRAUN  SEE 
and  ATTER  SEE.  Reference  is  made  to  paragraphs  4-02d  for  discussion 
of  the  effects  of  three  major  flood  waves  studied,  to  Plate  11c  for 
the  flood  wave  graphs,- and  to  Table  6 .for  summary  .of  effects.  Represen- 
tative effects  of  Artificial  Flood  No.  T-3,  the  largest  of  those  studied 
and  involving  combined  releases  from;  five- of  the  larger  lakes  at  aug- 
mented lake  levels,  are  presented  in  the  following  tabulation: 

\ * * • • * -.•*  . ’ 

Artificial  Flood  No.  T-3 


• 

• - 

> LAMBACH 

EBELSBERG 

Item 

• Unit 

No.  391  (Kin  47) 

No.  404  (Km  5) 

Amplitude  of  rise 

« m 

4;0 

3,0 

Rate  of  rise 

m/hr 

2.0 

0.6 

Time  of  crest 

hr 

12 

20 

Overflow  height 

m 

0.5 

1.0 

Width  flooded 

m 

150 

700 

Mean  surf.  vel. 
at  crest 

m/aec 

3.0 

3.0 

(2)  Streamf 'low  Variations  . Releases  from  the  regulated 
outlets  of  the  many  small  weirs  in  this  basin,  would  not  produce  sigpi- 
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streaiiix  iow  vaxua oions  except  sriortiy  downs cream  oa  one  ouoxeoa. 
Combined  coordina  ted.  r.eleasea  Utojts..  a;  nunfeer  of  weirs  would  extend  the 
duration  as  discussed  in  paragraph  4-03d(6) . 


(3)  Stillwater  Barriers  and  Drainage  Obstacles.  Breaching 
• of  levees  during  periods  of  above-normal  stages  -would  inundate  the  1 
km  wide  braided  channel  area  in  the  l</wer  47  km  below  LAMB  AC  H * Suitable 
sites  for  creation  of  Stillwater  barriers  by  temporary  damning  oper- 
ations are  practically  non-existent  along  the  TRAUN  River.  Additional 
discussion  appears  in  paragraph  4-04d(4). • 
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e.  EM 5 River, 

(1)  Ma.jor  Flo>'d  Waves.  Breaching  of  the  S/LZA  Dam  (R-46), 
located  on  the  SALZABACH  6 in  abov?.  its  junction  mti  the  ENNS  at 
Km  182,  would  produce  a major  flood  wave  on  the  ENNS.  Except  near 
the  mouth  of  the  SALZABACH,  banks  would  not  be  overtopped,  but  peak 
velocities  would  approach  3.5  m/sec  in  places  and  the  increase  in 
stage3  would  range  between  3.5  in  the  upper  reaches  to  1.0  m in  the 
lower  reaches  of  the  ENNS,  assuming  the  "run-of-the-river”  weirs  in 
the  lower  reaches  as  destroyed  and  their  pools  anpty . "Flow  from  the 
breached  SALSA  Dam,  ccnbinad  with  releases  fretn  those  weirs,  would  not 
greatly  change  the  magnitude  of  "streapiflow  variations,”  designated  as 
Floods  E~2,  E-3,  and  E-4,  and  discussed  in  the  next  subparagraph,  but 
would  slightly  increase  their  duration.  Reference  is  made  to  Table  6 
for  summary  of  effects  of  the  f lo  d wave  (Flood  No.  E~l)  created  by 
breaching  SALZA  Dam,  to  Plate  lid  for  flood  graphs  and  to  paragraph 
4-02d  for  further  discussion.  Due  to  small  volumes  of  water  impounded 
by  other  headwater  mill  dams  or  weirs  in  the  ENN3  basin,  breaching  of 
the  structures  would  not  create  significant  effects  on  the  SINS  itself, 
although  effects  might  be  appreciable  on  the  tributaries  for  short  dis- 
tances downstream  from  the  breached  structures.  The  following  tabula- 
tion indicates  the  riature  of  the  flood  wave  produced  by  breaching 
SALZA  Dam: 

Artificial  Flood  No.  E-l 


I tan 

Unit 

439,  THUG 
Km  135 

467,  STETR 
Km  31 

482,  ENNS 
Kn  4 

Amplitude  of  rise 

m 

3.5 

1.5 

1.0 

Rate  of  rise' 

m/hr 

1.2 

0.5 

0.3 

Time  of  crest 

hr 

9* 

15 

17 

Overflow  height 

m 

Bankfull 

In  Banks 

In  Banks 

Width  flooded 

01 

60 

no 

140 

Mean  surf.  vel. 
at  crest 

m/a  ec 

3.0 

2.0 

3.0 

(2)  Streamflow  Variations  . Rapid  and  large  variations  in 
stage  and  velocity  could  be  effected  by  sudden  opening  of  the  large 
gates  of  cne  or  several  of  the  four  existing  ” run-of -the-r iv er " weirs 
located  in  the  lower  65  km  of  the  ENNS  River.  Cjmbined  operation  of 
the  weirs  vrould  tend  to  sustain  the  duration  of  hi$i  stages  but  would 
not  greatly  increase  the  height  of  the  wave  over  that  produced  by 
operation  of  individual  weirs  singly.  Cyclic  variations  could  be 
produced  by  refilling  of  the  pools  %-<y  means  of  natural  flow,  by 
transfer  of  water  from  upstream,  to  downstream  pools,  and  by  releases 
from  outlets  of  headwater  reservoirs.  Str  example,  releases  frar 
MUEHIJRADIMj  (It- 52)  could  be  repeated  approximately  every  2 h urs  for 
about  12  h >urs  by  transfer  <f  water  from  upstream  pools;  or  could  be 
repeated  about  every  t hours  under  mean  water  conditions  of  inflow  to 
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refill  the  emptied  pool.  Completion  of  additional  weirs,  nor;  being 
built  or  proposed  (as  indicated  in -Table  5 and  discussed  in  para- 
graph D-07  of  Exhibit  D)  would  increase  the  number  of  possible  com- 
binations. Reference  is  made  to  suninary  of  effects  in  Table  6,  to  flood 
graphs  of  Plate  lid,  and  tc  discussion  of  effects  in  paragraph  4-0 3d. 
Representative  effects  of  Artificial  Flood  No.  E~4,  representing  ' 
combined  operation  of  the  four  existing  weirs,  are  presented  in  the 
following  tabulation  to  indicate  maximum  probable  effects  now  attainable: 


Artificial  FI)  d No.  E-4 


Item 

Unit 

467,  STETR 
»n  31 

482,  ENNS 
Kin  4 

Amplitude  of  rise 

rn 

5.0 

4.5 

Rate  of  rise 

m/hr 

10.0 

4.5 

Time  of  crest 

hr 

n 

3 

Overflow  height 

ra 

In  Banks 

In  Banks 

TTidth  flooded 

m 

130 

■ 160 

Mean  surf,  vel. 

■ 

at  crest 

m/sec 

2.0 

3.0 

(3)  Stillwater 

Barriers  and  Drainage  Obstacles.  In 

lower  30  km  reach  of  the  ENN5  and  in  the  relatively  flat  reach  between 
YTENG  (Km  135)  to  SCHIAEMING  (Kin  213),  drainage  obstacles  might  be 
created  by  breaching  of  levees  and  disruption  of  drainage  facilities 
to  inundate  old  river  meanders  and  reclaimed,  marshy  areas.  Blocking 
of  the  valley  by  temporary  dams  at  constricted  sections  between  ^/5NG 
and  SCHLADFIPQ  would  create  Stillwater  barriers  of  similar  effect. 
Paragraph  4-04d(5)  contains  more  detailed  description  of  effects. 
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SECTION  V 

EFFECT  ON  MILITARY  OPERATION 


5-01  GENERAL* 

The  purpose  of  this  sectioin  is  to  present  various  items  for 
consideration  of  military  planning  personnel  in  estimatin  g the  rela- 
tive value  and  effect  of  artificial  floods  upon  associated  military 
factors  such  as  bridging,  ferrying,  and  trafficability.  The  effects 
of  artificial  floods  upon  military  operations  may  vary  greatly, 
depending  on  the  hydrologic  ad  weather  conditions,  the  tactical  and 
logistical  situation,  and  the  type  of  equipment  involved.  Reference 
is  made  to  Section  IV  for  discussion  of  the  hydraulic  features  asso- 
ciated with  artificial  flooding, 

5-02  CHARACTERISTICS  OF  MILITARY  BRIDGING. 

a.  The  loading  capacities  of  standard  U.  S.  Army  floating 
bridging  under  conditions  classified  as  "Safe,  Caution,  and  Risk 
Crossings,"  for  various  current  velocities  are  tabulated  in  Table  7 • 
Included  are  the  Current  velocities  that  presumably  would  destroy 
the  bridge  in  place  with  no  load,  the  values  ranging  from  9 to  16 
feet  per  second  (i.e.  about  2.7  to  4,9  m/sec).  Table  7 is  primarily 
based  on  data  contained  in  References  91  and  92* 

b.  It  should  be  noted  that  the  velocities  shown  in  Table  7 
represent  general  averages.  The  ability  of  floating  bridges  to  with- 
stand current  velocities  depends  upon  numerous  variable  factors  such 
as:  special  provisions  for  securing  the  bridge,  the  rate  of  change  in 
river  stage,  direction  and  variability  of  current,  debris  carried  by 
the  stream  and  other  considerations.  Standard  bridging  has  withstood 
conditions  more  severe  than  indicated  in  Table  7 and  has  failed  under 
apparently  less  critical  velocities , 

5-03  EFFECTS  OF  ARTIFICIAL  FLOODING  DURING  ACTUAL  CROSSING  OPERATIONS. 

No  information  was  available  regarding  the  influence  of  artificial 
f?s>  ding  up.  n actual  military  crossing  operations . 

5-04  EFFECT  OF  MAJOR  FIDOD  WAVES*  ' 

a.  Reference  is  made  to  paragraphs  V-02  and  /*-C6  for  discussion 
cf  hydraulic  features  of  major  artificial  flood  waves  that  could  be 
produced  on  the  INN,  SALZACH,  TRAUN  and  ENNS  Rivers  by  breaching  exist- 
ing or  temporary  dams.  Hydraulic  effects  of  the  representative  major 
artificial  flood  waves  studied  are  summarized  in  Table  6 and  presented 
graphically  on  Plates  11a  to  lid. 
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b.  Flood  waves  created  by  breaching  would  probably  seriously 
damage  or  possibly  even  destroy  fixed  arri  floating  bridges  located 
short  distances  below  the  breached  structures.  Farther  downstream, 
damage  to  fixed  bridges  would  not  be  as  likely,  but  floating  bridging 
might  be  endangered. 

t 

c.  Dams,  weirs,  levees,  and  revetments  located  downs tr earn  of 
the  breached  structure  might  fail,  especially  in  cases  where  they  would 
be  overtopped  by  the  artificial  flu, d wave.  Such  failures  could  inten- 
sify the  damaging  effects  of  the  flood  wave,  and  cause  inundation  and 
other  damage  in  areas  protected  by  those  dikes  or  revetments. 

d.  Floating  bridging,  ferrying,  or  fording  operations  would  be 

hindered  in  some  cases  by  the  increased  flow  velocities  and  by  the 

rapid  rise  and  fall  of  stage  during  the  passage  of  the  wave. 

* 

e.  The  short  duration  of  the  wave  crests  would  reduce  the  inter- 
fei'ence  with  military  operations  caused  by  increased  velocity  or  stage, 

to  a matter  of  only  a few  hours.  17he re  bridges  were  destroyed  or 
damaged,  the  hindering  effect,  could  be  more  prolonged. 

f.  Logs  and  other  debris,  floating  ice,  floating  mines,  flaming 

napalm,  or  perhaps  even  radio-active  material  carried  along  oy  the 
flood  wave  could  seriously  increase  the  effect  on  fl -mating  or  fixed 
bridging  and  military  crossing  operations . • • 

g.  Since  the  electrical  power  supply  of  AUSTIHA  and  adjacent 
territories  is  largely  dependent  up  >n  the  hydroelectric  installations 
in  this  region,  breaching  of  dams  and  associated  works  would  serious1}* 
disrupt  the  power  s]upply  for  cities,  industries  and  electrified 
railways . 

h«  The  possibility  of  breaching  uf  a dam  could  have  a deterrent 
upon  river  crossing  attempts  in  some  cases.  Deliberate  destruction  of 
a dam  or  emptying  of  the  reservoir  w uld  prevent  its  use  by  the  enany 
to  deter  crossing  attanpts  or  to  produce  detrimental  flood  waves  during 
a later  critical  period. 

i*  Demolition  of  landslides,  blocking  a stream  could  produce 
major  artificial  flood  waves.  The  nature,  mamitude.  and  duration  of 
effects  would  vary  with  the  location,  height,  and  volume  of  water 
stored  behind  the  streamblock.  Landslides  might  occur  naturally  or 
be  produced  by  artificial  means  in  some  narrow  g;rge  sections, 

5-05  EFFECT  OF  STREA'tfLCW  VARIATIONS. 

i 

a.  Discussion  of  hydraulic  effects  of  streamflow  variation  that 
might  be  produced  on  the  major  rivers  of  theAJSTRIAN  ALPS  by  regulated 
discharge  from  the  outlets  of  dams  and  weirs  are  covered  in  paragraphs 
4-03  and  4-06,  Reference  is  also  made  to  Table  6 for  sunmary  of  hydrau- 
lic effects  and  to  Plates  11a,  c and  d fur  graphical  presentation  of 
hydraulic  effects  of  the  streamflow  variations  analyzed  in  this  report. 
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b«  Sudden  opening  of  the  flood  gates  of  the  "run-of — the— riv er  ” 
hydroelectric  v/eirs  along  the  lower  reaches  of  the  INN  and  ENNS  Rivers 
would  produce  streamflow  variations,  whos  e rapid  and  large  rise  and 
fall  of  stage  and  velocity  would  seriously  hinder  floating  bridging, 
ferrying  or  fording  operations. 

c.  Duration,  timing,  and  magnitude  of  those  streamf low  vari- 
ations could  be  varied  in  a very  flexible  manner  by  various  combinations 
of  releases  from  the  weirs.  Cyclic  variations  by  means  of  scheduled 
opening  and  closing  of  gates  ard  transfer  of  water  downstream  from 
pool  to  pool,  could  readily  be  produced  ;md  would  prolong  the  hindrance 
to  crossing  operations . However,  any  reduction  of  duration  and  released 
volume  would  likewise  decrease  the  magnit  ude  and  duration  of  higi  stages 
and  velocities. 


a.  Damages  to  floating  bridges  and  interference  with  crossing 
operations  by  these  flow  variations  might  be  intensified  if  ice  floes, 
large  debris,  mines,  or  flaming  napalm  were  carried  downstream  by  the 
released  flows. 

e.  Breaching  of  levees  and  destruction  of  drainage  and  irrigation 
facilities  in  connection  with  production  of  streamflow  variations  might 
be  desirable  in  sane  cases  to  widen  the  area  flooded. 

f . Trafficability  at  stream  approaches  and  across  inundated  areas 
would  be  hindered  during  the  passage  of  the  crest  of  the  flow  variation. 
In  some  cases,  areas  once  inundated  would  ram  in  muddy  or  marshy  for 
some  ti  e afterwards. 

g.  Deliberate  destruction  of  the  structures  or  gates  of  the  INN 
and  ENNS  weirs  would  prevent  their  use  by  the  enemy  in  producing  detri- 
mental flow  variations  at  a later  criti  cal  period,  and  would  also 
seriously  disrupt  electrical  poorer  facilities.  Emptying  of  the  pools 
would  have  similar  effects,  but  the  duration  would  depend  upon  the 
rate  at  which  the  pools  could  be  refilled, 

h.  In  order  that  the  gated  openings  of  the  weirs  would  be  avail- 
able for  production  of  detrimental  streamflow  variations,  the  sites  would 
have  to  be  protected  against  damage  or  destruction  by  sabotage,  bombing, 
or  enemy  ground  attacks. 

i„  No  appreciable  effect  on  bridging  or  crossing  operations  could 
be  expected  by  releases  of  water  from  the  small  power  outlets  of  the 
headwater  hydroelectric  dams.  However,  empty i rig  of  these  reservoirs  or 
destruction  of  the  dams  or  powerplants,  would  disrupt  the  power  supply 
of  the  region.  . . 

5-06  EFFECT  OF  STILLTATFR  BARKERS  AND  DRAINAGE  OBSTACLES. 

a.  Reference  is  made  to  paragraphs  4-04  and  4-06  for  discussion 
of  the  hydraulic  features  associated  with  formation  and  augmentation  of 
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water  obstacles  by  means  of  temporary  damning  operations  or  by  disruption 
of  normal  drainage  along  the  -various  major  rivers  of  the  AUSTRIAN  ALPS, 

b.  In  genera 1,  the  mountainous  terrain  of  the  region  offers  few 
suitable  sites  for  artificial  increase  of  the  water  obstacle  afforded  by 
the  natural  streams.  Some  increase  in  width  and  depth  of  the  streams 
to  hinder  bridging,  ferrying  or  f >rding  operations  could  be  effected  by 
erection  of  temporary  dams  in  the  vicinity  of  sites  described  in  para- 
graph Lr-  04.  • 


c.  The  pools  formed  by  the  dams  and  weirs  across  the  streams, 
especially  on  the  lower  flatter  reaches,  constitute  appreciable  water 
obstacles  to  militaiy  crossing  operations  if  water  levels  are  maintained 
near  the  normal  pool.  Increase  of  pool  heights  by  raising  dam  crests 
would  not  appreciably  increase  the  obstacle  value.  Emptying  of  the  pools 
could  facilitate  crossing  operations  by  decreasing  depths  ard  widths, 
but  approaches  might  remain  muddy. 

d.  Overland  and  river  approach  trafficability  and  maneuverability 
in  the  old  meander  belts  and  low-lying  reclaimed  marshy  areas  adjacent 
to  tiie  rivers  in  the  lower  reaches  and  in  seme  of  the  wideT  basins 
could  be  hindered  by  breaching  of  local  flood  protection  levees  aiid  dis*- 
ruption  of  normal  drainage  facilities,  'especially  during  periods  df  above- 
normal river  stages.  Once  wet,  these  areas  would  remain  Soft  foi*  extended 
periods. 

e.  Movement  on  railroads  shd  roads  along  the  river  valleys  might  be 
obstructed  by  creation  of  landslides  to  block  the  river  valleys  and  form 
pools  in  some  of  the  narrow  gorges* 

f • Destruction  of  temporary  or  permanent  dams  or  valley  blocks  hy 
natural  failure  or  by  demolition  would  release  flood  waves  of  short 
duration  that  would  tanporarily  hinder  crossing  operations  for  short 
distances  bolow  the  structure  and  which  might  cause  progressive  failure 
of  other  downstream  dams*  Continuous  military  support  would  be  necessary 
to  prevent  untimely  destruction  by  enory  aoticn. 

g.  The  effect  of  Stillwater  barriers  and  drainage  obstacles  might 
be  intensified  oy  location  of  underwater  obstacles  and  mine  fields  beneath 
the  inundated  area  or  along  its  approaches  tc  further  hinder  crossing 
operations  or  attacks  upon  the  installation. 

5-07  EFFECTS  RELATED  TO  OTHER  BASINS. 

a.  Artificial  flooding  in  this  region  oould  be  coordipgtefi  irith 
similar  operations  in  other  nearby  river  basins  to  create  eimltaneous ' 
or  progressive  water  obstacles  affecting  military  operations*  Artifi- 
cial floods  produced  on  the  IM,  SALZACH,  TRAUN  and  ENNS  might  be  com- 
bined with  those  on  other  tributaries  .,of  the  DANUBE,  to  produoe  sigi  if  leant 
flooding  on  th^  DANUBE*  However  / studies  were  scope  of 

this  report/  A study  of  artificial  flooding  effects  of  regull’Slbhj 
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operation  or  possible  demolition  of  the  KACHLET  Dam  on  the  DANUBE  River 
near  PlSSAU  has  been  made  by  this  office  and  is  cited  as  Reference  93 
in  the  Bibliography  of  this  report, 

b.  Specific  reference  is  made  to  similar  studies  made  by  this 
office  on  the  DRAU  (DRAVA),  MUR  (MURA)  and  SAVA  Basins  of  Austria  and 
Yugoslavia,  and  the  ISONZO,  TAGLIAMENTO,  LTVENZA,  PIAVE,  BRENTix, 
BACCHEGLIONE  and  ADIGE  Basins  in  the  VENETIAN  -FRI ULI  PLAEE  of  NORTHEAST 
ITALY*  Those  basins  lie  across  the  Alpine  ridge,  south  of  the  region 
covered  by  this  report  on  the  AUSTRIAN  ALPS.  The  reports  on  artificial 
flooding  potentialities  in  those  regions  are  listed  as  References  94  and 
96  in  the  Bibliography. 
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EQUIVALENT  EM  GLISH-METRIC  TERMS 

To  reduce  A to  D_,  multiply  A by  F,  To  reduce  B to  A.  multiply  3 by  G. 
Unit  A Factor  F Factor  G Unit  B 


LENGTH 


Miles 

1.60935 

.62137 

Kilometers 

Meters 

3.2808 

.30480 

Feet 

Meters 

39.370 

.025400 

Inches 

AREA 

Square  Miles 

2.590 

.3861 

Square  Kilometers 

Square  Miles 

259 .000 

.0038610 

Hectares 

Hectares 

2.47104 

.40469 

Acres 

Acres 

4046.9 

.00024710 

Square  Meters 

VOLUME 

1 

Cubic  Meters 

35.3145 

.028317 

Cubic  Feet 

1 

Cubic  Feet 

28.317 

.035314 

Liters 

Acre-feet 

43560. 

.000022957 

Cubic  Feet 

Acre-feet 

1233.5 

.00081071 

Cubic  Meters 

i 

s 

1 

DISCHARGE 

Cubic  feet  per  second 

1.9835 

.50417 

Acre-feet  per  24  hours 

Cubic  meters  per  second 

35.3145 

,028317 

Cubic-feet  per  second 

VELOCITY 

Miles  per  hour 

1.60935 

.62137 

Kilometers  per  hour 

Miles  per  hour 

1.4667 

.68182 

Feet  per  second 

i 

Meters  per  second 

3.2808 

.30480 

Feet  per  second 

1 

i 

Motors  per  second 

2.2369 

.44704 

Miles  per  hour 

Meters  per  second 

3.600 

,2778 

Kilometers  per  hour 

1 

Feet  per  second 

1.097 

.9113 

Kilometers  per  hour 

\ 

\ 

WEIGHT 

Tbns  (metric) 

1.102 

.9072 

Tons  (short) 

Tons  (long) 

x#0l6 

.9842 

Tons  (metric) 

Tons  (metric) 

2205. 

.0004536 

Pounds  (avoirdupois) 

i 

i 

Tons  (metric) 

1000, 

,001 

Kilograms 

t 

i 

POWER 

g 

Horsepower  (std,  U,S.) 

550. 

.0018132 

Foot-pounds  per  second 

\ 

i 

Horsepower  (metric ) . 

75. 

.01333 

Kilo  Rreexne  ter  s per  second 

Horsepower  (std,  U,S.) 

1.014 

.9863 

Horsepower  (metric) 

& 

t 

Kilowatts 

1 .3405 

•7457 

Hor s epower  (std,  U «S.) 

l 

Kilowatts 

1.360 

.7355 

Horsepower  (metric) 

TJ  =M 

o o . . 

*H  'A'-' 
t+  w ca  a 


•.  <b 

tJ  «H  .P 

o o *» 
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TABLE  3 

MAP  COVERAGE  - AUSTRIAN  ALPS 


Series  Number 


S iaie 

AMS 

GSGS 

Sheet  Nuntoers 

1:250,000 

M508 

4346 

148,  L49,  M48,  N48,  N49,  048,  049 

M591 

4230 

4,  5 

It  100, 000 

M641 

4416 

1T7,  16,  17,  Y5  to  Y7,  Z4  to  27 

M671 

4416 

m,  X8,  X9,  Y8,  Y9 

M691 

4164 

1,  1A,  2.  3,  4,  4A,  4B 

1:50,000 

M742 

4472 

657&E,  66'T&E,  711&E,  72H&E,  73r&E,  r78'V&E, 
79v*ScE,  84V&E,  85rilScE,  86,  927&E,  93V&E,  94, 
97:fcE,  98,  99,  100 

M771 

4529 

W7,  78,  r7,  X8,  19,  Y6,  Y7,  Y8,  Y9,  Z4,  Z5, 

26.  77 1 Z8  (each  divided  into  eighths  numbered 
1 to  8),  5244H&E,  52451V 

M791 

4229 

l-III,  3r-II,  2A-III,  3A-II 

1:25,000* 

M842 

4497 

568,  569,  570,  571,  595,  593/599,  626, 
627/628,  650  to  655,  673  to  679,  696  to 
702,  718  to  724,  740  to  747,  763  to  772, 
786  to  796,  814  to  823,  842  to  845,  848  to 
850,  869,  870,  882 

M871 

4528 

27,  28,  44,  45,  46,  63,  64,  87  to  90,  93, 

94,  115  to  120,  124,  125,  142  to  151,  153  to 
155,  169  to  174,  176  (each  divided  into 
quadrants  numbered  1 to  4) 

MS95 

4732 

498BIS,  498,  499,  517,  518,  519,  536,  537, 
538  (each  divided  into  quadrants  lettered 
m,  NE,  SVf,  SE) 

CAPTURED  AUSTRIAN  MAPS 


Scale  AMS  Call  Number  Sheet  Numbers 

It  25,  OOO*  17M  . '30-49005-25  63  to  66,  71,  93  to  96,  123  to  127,  148, 

149,  151  to  155  (each  divided  into  quadrants 
numbered  1 to  4) 

* Available  1:25,000  maps  urovide  coverage  for  only  part  of  area  vdthin 
scope  of  this  report. 
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( 1 ) Gage  serial  number  - see  General  Map,  Plate  1 and  River  Basin  Haps,  Plate  2 ! 

(2)  Above  :iver  mouth 

• 3)  Aids  series  M3 Ob,  .scale  1:250,000 
(4)  Items  in  parentueses  estimated 
* No*  available 

(3)  Discrepancy  in  ga£.e  zeros  and  kilometers  quoted  in  194b  JAAKBUCH  sud  in  KADASTEti  (193G);  stages  an 

on  HADncTRA  gage  zeros. 

(6)  serial  number  assigned  for  this  report,  not  an  official  gage  number 

(7)  Elevation  and  Kilometer  datum  used  are  based  on  Austrian  Xadaster,  rather  titan  German  Jahrbuch 

(8)  boKfcu  cn  German  " JM  T'aJtihb  GLiVAKSShlt  Klin Ji.ICnah  JA^RbUOh , 1950" , elevation*  ere  above  "Normal  Null 

approximately  0.4m  must  oe  added  to  ut+HH) 
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and  kiloneters  shown  are  based  NOVBMBRR'  1953 
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see  Rctes  on  page  1 
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22/1/37 

(3200) 

1920 

224 

* 

42.1 

1=3? 

/20 

282 

* 

19 

1871 

(32CUJ 

1920 

24o 

♦ 

56.3 
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See  .Notes  on  pa^-e  1 
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.See  i.ctes  or:  page  1 


Sa^e  Helr'fiU  _ 

[S»Tj Ana-oal  ( HV) 


)?.ts  cm 


period 


SlacharfO 
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EXHIBIT  A 


HYDRAULIC  DEVELOPMENTS  IN  THE  INN  RIVER  BASIN 


A-Ol  INTRODUCTION, 

a.  This  exhibit  consists  of  abstracts  of  technical  literature 
concerning  the  physical  find  hydro lo gic  characteristics  and  the  rydisu- 
Hf.  developments  of  the  INN  River  Basin  of  the  AlBTRIAN  ALPS,  The 
information  was  obtained  from  American,  Austrian,  German,  and  Swiss 
technical  literature.  The  sources  are  listed  according  to  Reference 
Numbers  cited  in  the  Bibliography  following  the  text-  in  the  main  body 
of  the  report.  Primary  emphasis  in  selection  of  abstracted  material 
was  placed  upon  hydraulic  features  for  use  in  the  study  covered  by 
this  report.  Reference  should  be  made  to  the  cited-  sources  for  other 
critical  features,  such  as  structural  arid  electrical  factors.  Although 
the  informs ti cm  is’  inoomplete  in  many  cases,  it  is  believed  that  this 
exhibit  would  assist  in  evaluating  the  military  hydrologic  poten- 
tialities of  existing  and  proposed  hydraulic  developments  in  the  region. 
Also  it  mignt  be  used  to  supplement  information  from  other  sources  and 
from  field  reconnaissance,  or  to  guide  further  research  or  intelligence 
procurement  • 

b.  Specific  reference  is  also  made  to  the  general  map,  Plate  1 
of  the  report 5 the  river  basin  maps,  Plate  2j  and  to  the  river  pro- 
files, Plate  3,  for  location  of  important  elements.  Data  on  major 
hydraulic  structures  are  sunmarized  in  Table  5»  c'^rial  numbers  and 
river  kilometers  ox  hydraulic  developments  correspond  to  those  shown 
in  Table  5 and  on  Plate  1,  Sketches  of  the  most  important  typical 
dam  structures  used  in  connection  with  the -artificial  flooding  studies 
covered  in  this  report  are  shewn  on  Plate  9. 

A-02  TOPOGRAPHY.  (Basis:  References  6,  12,  29) 

• • * 

a.  The  INN  RJ,ver,  51B  km  long,  joins  the  DANUBE  below  PASSAU 
at  Kfri  2226  (as  measured  from  SALATZ  on  the  BLACK  SEA),  It  is  the 
largest  North  Alpine  tributary  of  the  DANUBE,  having  a drainage  area 
of  26,131  km2,  ‘ 

b'.  Originating  In  S7TETZERLAND,  the  DIN  f loirs-  through  territory 
of  AUSTRIA  (Province  of  TIROL)  and  GERMANY  (Province  of  BAVARIA), 

<rar  •>  i - mm  Anftl  tihS 
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.no  countries.  This  lnten»xiorsex  cnaracw  ux  u«  ^ 
ca-oco  IrTdxo logic  studies  because  various  sources  of  hydrologic^ 
informitior*  arc  involved.  Also,  international  treaties  regulate 
developments  for  flood  control  and  power  uti lization  in  reaches  where 
it  forms  an  international  Ixrundary.  Between  AUSTRIA  and  GERMANY 
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(BAVARIA)  such  treaties  have  been  in  existence  since  1760.  The  most 
recent  was  signed  in  MUNICH  on  16  October  195Q,  to  take  effect 
1 January  1951,  and  defines  the  distribution  of  hydroelectric  power 
from  newly  constructed  pcwcxplanls.  The  power  development  of  the 
INN  River  near  the  Austrian-Swiss  border  is  also  subj-,.-  inter- 
national negotiations  between  the se  two  countries. 

c»  The  INN  originates  in  a small  lake  (PITS  LQNGHINO)  at  an 
elevation  of  2480  m above  sea  level,  located  north  of  MALOJA  PASS  in 
the  Swiss  Canton  of  GRAUBlTSfDEN  • In  its  upper  reach  it  forms  the 
lakes  of  SnS,  SILVAPIANA  CAMFFER  and  ST » MORITZ.  For  91  km  the  INN 
flows  through  a long  valley  knovnas  M GADDI,  and  drops  'f ran  1811  m to 
1019  m elevation , 

d.  At  MARTINSBRUCK  (Ha  416),  the  INN  leaves  SWITZERLAND  through 
a e km  long  and  very  deep  ravine  (FUSTERMDENZ),  and  enters  AUSTRIA 

^ TIROL),  At  IAN  DECK  (fai  374),  it  is  joined  by  the  SANNA  River,  a 
stream  formed  by  combination  of  the  ROSANNA  and  TRISSANA,  both  of 
which  are  developed  for  power  production. 

e.  . At  LANDBCK  the  UN  enters  a’  west-east  and  west-northeast 
valley,  extending  to  T7DERGL  (KSa  236),  known  as  the  3NNTAL*  This 
valley  is  divided  geographically  into  the  OBER  INNTAL  \Upper  Inn 
Valley),  a narrow  and  high  elevatod  valley  that  extends  to.  ?j(HL 
311),  near  .INNSBHJCK,  and  into  the  UNTER  3NNTAL  (Lower  Ipn  Valley). 

The  latter,  portion  is  wide,  with  .iiild  side  slopes,  flat  floor  and 
open  side  valleys.  The  Austrian  INNTAL,  cutbined  with’  the  Swiss 
ENGADIN,  forms  an  approximately  28 0 km  long  valley  that  is  the,  most 
outstanding  geographic  feature  -of  the  INN  River,  and  represents  the 
longest  and  most  westerly  east-west  passage  through  the  ALPS. 

Through  it  passes  all  major  oortwinication  lines  (rai .(.roads,  highways, 
poworlines,  etc.)  of  the  western  »part  of  AUSTRIA. 


f.  Beginning  at  IANDECK,  the  UN  River  has  the  greatest  slope, 
reaching  to  0.35  percent.  Thi3  diminishes  on  its  course  towards  the 
west,  but  still  averages  0.1  percent  between  UNSRRICK  and  KDFSTE3N. 
In  this  Austrian  part  it  receives  on  the* right,  several  streans  from 
the  North om  slopes  of  the  ALPS* . OETZAL  ACHE,  SILL,  and  ZTLLER.  The 
UN  is  being  used  for  raft  floating  as  far  as  HALL.  At  KUFSTEXN 
(Khi  219),  it  breaks  through  the  NORTH  LIMESTONE  ALPS  in  a north  - 

« . • . . j*  • « --  • 1 i w. Wh  0*10  orv^  'flir* 

airecTiion  £*na  enturo  ueurjaujr  # xuxuixug  uwvwwv**  — - - — r — r 

interna ti (xi al  boundary  between  GERMANY  and  AIBTRIA  • 


g,.  The.  UN  follows  a northeast  course  on  the  high  plateau  of. 
BAVARIA  with  an  average  0.097  percent  gradient.  At  Ifa  187*5  near 
ROSENHEIM,  it  receives  the  MON GF ALL  River  with  its  tributaries, 
LE1TZACH  and  SCHLIERACK,  At  MA.RKTL  (Kb  76,5),  the  3NN  is  joined  by 
the  ALZ,  a 61  km  long  river  draining  Bavaria’ o largest  lake,  the 
CHIEMSEE.  The  largest  tributary,  the  SALZ/CK,  joins  the  INN  on  the 
right  side  at  Km  67.6. 


•a-2  " 


A—03  GcGLuut.  (3asis * References  6.  12,  21) 

a.  Between  MALOJA  PASS  and  the  exit  of  "the  INN  River  into  BAVARIA, 
INN  River  passes  through  several  geo logic  formations.  The  PITZ-LAGEEV 
and  PITZ-JULIER  group  form  the  northern  side  of  the  OBER  HNGAD1N  to 
SCANF,  while  the  BESNINA-LANOIARD  group  farms  the  southern  side#  The 
valley  widening  of  SILS  and  SHVAPLANA  lie  on  Ophiolit  between  ZEHNITZ 
and  AEDETZ  on  Silvretta  gneiss.  At  ARDETZ  (Unter  Engadin ) the  INN 
enters  the  Engadin  window  of  Buendner  schist.  This  is  very  soft  and  • 
underlies  the  bed  up  to  PHJTZ  (%»  387),  in  Tirol’s  UPFZP.  INITIAL*  The 
river  breaks  unrou?ji  small  outcrops  of  Silvretta  crystalline  rock  and 
between  FLIES  and  LAN  BECK  through  quartzite  phyllitic  rock. 


b.  Beginning  at  LANBET-K,  the  3NNTAL  is  bounded  by  the  limestone 
NORTH  TIROL  ALPS  on  the  north  and  the  crystalline  CENTRAL  ALFS  on  the 
south.  In  parts  the  limestone  formation  penetrates  farther  south*  The 
geologic  details  of  the  southern  part-  of  the  crystalline  CENTRAL  AT.es 
arc  LandeGk  quartzite  phyllitic  rode,  Oetztal  Mass,  Innsbruck*  quartzite 
phyllitic  rock,  and  7ildschoenau  grey  wa«ke.  North  of  ^RGL,  the  INN 
breaks  into  the  Tdmestone  Alps  and  at  ERL  (Km  205),  into  the  ALPINE 
VORLAND  * Tertiary  and  Quaternary  sedimentations  appear  in  many  parts 
of  the  UNTER  3NNTAL  (LONER  INN  VALLEY). 

A-04  HYDROLOGY.  (Basisi  References  6,  12,  29) 

a.  Because  of  the  Alpine  character  of  the  INN  River.  floods  usually 
appear  in  suiimer  and  Irwr  water  in  winter  months.  During  the  investigation 
-of  the  TfASSEHBURG  powerplant,  it  was  established,  based  on  100  year 
average'!,  that  out  of  21  flood  waters,  between  1500-2580  m^/sec,-  one 
occurred  in  May,  8 in  June,  4 in  July,  5 in  ^August,  and  3 in  September. 

Out  of  189  flood  waters,  between  950-1500  m3 /sec,  the  following  distribu- 
tion resulted? 


January  0 
February  1 
March  1 

• April  0 


May  17  September  1C1 

June  , 64  .October  . 2 

July  60  ‘ November  1 

August  32  December  1 


b.  In  the  months  of  Novetibor,  December,  January,  February,  and 
March,  mean  flow  does  not  exceed  150  m^/sec.  Between  TQn  128-97,  the 
INN’S  bed  is  nearly  dry  for  240  days  a year  because  of  the  withdrawal 
of  340  m3 /sec  by  tie  JETTS!  BACH  -WING  3NNSERKr  . 

c.  Thu  C wTl  cl;  t r in  the  INN  River  are  very  swift':  2,0-2, 5 m/sec 
except  in  reaches  Impounded  by  weirs. 

d.  For  several  days  during  Decent' er,  January,  and  February, 
drift  icc  appears  on  the  INN  in  addition  to  ica  along  the  banks.  In 


A~04 

•the  reaches  of  the  INN  River  daesned  by  weirs,  the  surface  freezes:..?- 16  err. 
deep  across  the  whole  river  during  December,  January  and  February,  and 
■ occasionally  in  March.  The  ice  bices  usually  pass  without  causing 

damara  to  the  banks  or  hydraulic  structures. 

— - 

' e«  Regular  navigation  is  not  possible  on  the  INN  because  of  its 
steep  gradient,  except  in  reaches  upstream  of  ~olr3 . The  river  bed 
Consists  predominantly  of  coarse  gravel,  and  partly  of  flints.  Between 
Kin  O.C  and  16.0  appears  granite*  The  depth  varies  between  2-10  m.  The 
width,.  because  of  regulating  bank  structures,  changes  only  slightly,  and 

— .4..  -U  — nt  — . aVmrn  QTY5  tTKCTTn  T nn  +/■»  T QQ  w 4—  Inwav  nmiT'se.  ( Twrnod— 

J.CO  i/OUHQVli  i J iU  wv-J  v J «r  %*iV  -7^  . . 1 '*  — % 

lately  above  the  dams  in  the  lower  reaches,  widths  reach  as  much  as  1C00  m)* 

9 ■ 

f . The  natural  flood  conditions  on  the  INN  River  show  the  most 
effect  in  the  67  km  reach  below  the  junction  of  SALZACH  River.  In  most 
floods,  the  SALZACH  flood  wave  predominates  over  the  INN  flow  contribu- 
tion. Due  to  the  different  climatic  conditions,  tie  floo&<*ave  of  the 
INN  never ' coincides  exactly  with  the  flood  wave  of  the  SALZACH. 

go  The 'course  of  the  INN  downstream  from  the  junction  with  the 
SALZACH  River,  passes  into  a terrain,  suitable  for  inundation.  Here 
the  flow  can  spread  over,  a wide  area  and  considerable  volume  of  water 
can  be  padded.  The  ‘storage  capacity  of  t«s  region  is  increased  by 
the  existence  of  rocky  gorges  between  SCH.ARD3NG  and  VORNBACH.  These 
act  somewhat  like  a dam.  According  to  Austrian  sources,  approximately 
SO  ftn3  can  be  accumulated  in  this  natural  storage.  This  results  in 
lowering  of  flood  .crest  discharges  by  200-300  m2/sec»:  ifle  iuooa  wave 

discharge  at  HHFT  amounts  to  6200  v?/sect  according  to  Austrian  sources. 
However,  Bavarian  sources  give  7000  m^/sec  as  the  HHW  flow  of  1899 
at  NEHNSTEIN.  About  54  hours  are  needed  for  the  passage  of  a snail  . 
flood -wave  between  PE  It©!  ^ndPASSu'.U.  At  HH7  the  time  would  be  con- 
siderably longer. 

A-05  T7AHTH.E  ARUFICI/L  TTjOODING.  (Basis?  Reference  29)  • 

a.  • According  to  the  “Mil.  Geo.  Strong ebiet  der  Donau,  1937* 

(Reference  29),  the  German  High  Cornnand  had  the  following  plan  far 
the  exploitation  of  the  INN  River  flow  for  warfare  purposes.  3h  this 
clan  were  involved  the  four  pcwerplant-s  then  in  operation  on  the 
territory: 


WASSERBUnG  fin  l60* 

TEUFELSBFtJCK  Kta  147 

GARS  Sr.  13? 

JETTENBACH  Yin  128 

b.  This  tactical  regulation  of  the  INN  River  was  planned  for  the 
reach  between  the  junction  with  the  UJiHuBE  and  Km  171,  the  end  of  the 
upper  pool  of  WASSEHBURG.  The  river  conditions  of  1936  were  taken  as 
the  basis  for  the  plan. 


art 


o.  3y  combined  operation^  of  these  four  hydraulic  structures,  — 
artificial  flood  wave  of  2900  nr /sec  discharge  of  120  minutes  duration 
could  be  created  by  the  weir  at  JETTENBACH,  Mean  low  water  (Wf!)  river 
conditions  with  146  n?  /sec  flow  were  taken  as  the  basis  for  the  calcula- 
tion. The  flood  wave  would  flatten  during  its  flow  down  the  river.  It 
would  have  140  minute  peak  flow  of  2200-mVsec  at  the  SALZACH  Junction 
(Hn  681.  At  the  mouth  of  the  INN  River,  the  flood  wave  would  reach 
3.700  in3 /sec  for  160  minutes.  The  height  of  the  wave  crest  at  the  place 
of  the  origin  (Km  128)  would  bo  0.25  m over  h«*.  It  would  drop  to 
0.40  m under  HHTT  at  the  junction  of  the  SALZACH  River.  ‘Beginning 
downstream  of  Kin  67.2,  the  flood  wave  takes  the  character  of  a KHff 
(small  flood). 


d.  The  officer  in  charge  at-  the  JETTENBACH  Dam  would  regulate 
the  inflow  by  giving  orders  to  the  servicing  personnel  at  the  other 
3 structures.  At  the  same  time,  by  servicing  the  JETTENBAC H gates, 
he  could  equalize  any  irregularities  of  flow.'  The  idea  was  to  keep 
the  JETTENBACH  pool  filled  as  long  as  possible  and  let  it  serve  as  a 
kind  of  equalizing  reservoir. 

e*  The  turbine  installation  on  the  other  three  structures^would 
carry  the  normal  flow  during  this  procedure.  The  diversion  canal  of 
JETTEIBACH,  leading  to  the  powerplant  in  TOGING  would  be  closed  (one 
hour  before  the  opening  o£  the  JETTENBACH  weir)  by  operating  the  gates 
at  the  surge  chanter  at  T6&ING  and  also  those  on  the  intake  structure 
at  JETTENBACH,  At  the  time  of  passing  of  the  flood  wave  by  tne  junction 
of  the  TOGING  tailrace  and  the  INN  River,  approximately  86  minutes  after 
its  release,  the  water  accumulated  in  the  banal  would  be  released  through 
the  turbine  or  through  the  waste  channel  into  the  INN. 


f.  The  effect  of  such’  an  artificial  flood  wave  would  be  similar 
to  damages  resulting  from  catastrophic  f lcodwater  and,  in  many  respects, 
more  damaging,  particularly  in  the  river  reach  close  to  JETTENBACH. 
Destruction  of  bridges,  highway  and  railroad  and  other  means  of  conrnun xc a— 
tion  cannot  be  assured.  However,  the  stability  of  bridges  and  floodwater 
dams  would,  be  endangered.  Ponton  bridging  would  be  destroyed,  ohould 
the  flo.xi  wave  be  released  during  the  period  of  ice  on  the  river  surface, 
more  extensive  destruction  of  all  bridges  as  well  as  of  weirs  and 
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The  effect  of  the  artificial  flood  wave  on  the  river  reach 


between  the  SALZACH  junction  and  PASSAU  could  be  compared  to  the  effects 
of  low  flood  water.  Destruction  of  structures  would  not  take  place. 
However,  the  crossing  of  the  river  by  military  bridging  would  ie  Cwit- 
siderably  hindered. 


h.  After  the  passing  of  the  flood  wave,  the  river  would  show  only 
limited  changes  such  as  erosions,  bank  breaches^  gravel  and  mud  '.^anks, 
and  muddy iii g of  inundated  areas. 
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i.  The  velocities  of  the  wave  for  the  various  reaches  are  as 
follows; 

Bn- 128 -100  6n/? 

a n 100  - .67  5 m/s 

Kn  67  - 0 3.3  w/s 

The  magnitude  of  the  Artificial  flood  wave  would  not  bo 
essentially  change!  if  the  INN  flow  would  be  higher*  (up  to  small 
flood  flov/j  KTH), 

.!  . ic*  Attainment  of  maximum  possible  sustained  flow-  cf  the  accumu- 
lated masses  of  rater  is  dependent  on  the  unified  control  of  gate 
operation.  This  could  be  performed, most  efficiently  from  the  weir  at 
JE ITEMS ACH  (Hr- 12),  Telephone  communication  is  available  for  this 
•purpose*.  The  release  of  the  wave  was  calculated  ua  the  basis  of 
velocities  given  above.  Timing  is  based  upon  operation  of  the ' JET TEN- 
BACH  Weir,  for  this  instance  assumed  at  6sOO  AM » At  this  time,  all 
gates  of  the  JETTEM^ACH  Weir  will  be  opened  with  all  possible  lifting 
speed,  until  2900  jnA/sec  discharge  will  flow  through*  This  flow  will 
be  reached  when  the  lower  edges  of  the  gates  are  4*95  m above  the 
weir  sill.  At  5*46  AM,  .14  minutes  before  the  opening  of  JETTENBACH  Weir* 
(Rr-12),-  the  gates  at  the  GARS;  (Br-11),  the  next  weir  upstream  at  Krr.  137.5, 
must  be  opened  at  its  highest  possible  lifting  .speed  of  0*125  m/fain* 
Similarly,  the  gates  of  the  second  upstream  structure,  TEUFKLSBRLICK 
(R-10),  at  Km  147.15,  is  to  be  opened  at  6:12  AM.  and  the  farthest  wp- 
stream' structure,  ^ASSERBURG  (R-9)  at  Km  160,  at  6:31  AM.  Both  of  the 
latter  are  to  be  fully  opened.  Then  the  pool  stage  at  JETTEMBACH  Teir 
begins  to  drop  (approximately  at  7 : 40  AM)  the  gates  cf  that  weir  should 
be  fully  opened  and  left  in  this  position  until  complete  emptying  of 
the  .pool*  -• 
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Such  a flood  -wave  could  be  repeated: 

At  MNi7:  146  nr3 /sec  after  60  hours 

At  NW  * 360  ®3/sco  after  24  hours  . 

At  ftgjff*  1500  xai A’-ec  after  ..  5 hours 
At  HHWi  "3680  3-? /see  after  -.2  hours 

m , Increased  flood  -wave  effect  could  be  achieved  by  the  repeti- 
tion cf  the  wave  a«V. also  under  special  conditions,  such  as  ice  flow, 
wood  drift,  release  of  rafts,  etc.  The  effect  of  tho  flood  wave  re- 
duces very  sharply  as  it  travels  downs  tresro-  Blasting  of  the  weir  or 
gates  would  increase  tW  effect  only  in  the  upper  river  reaches  because 
the  water  stored  by  inundation  of  the  downstream  flood  plains  would 
result  in  a very  rapid  decrease  of  the  wave  crest » 

n»  By  the  operation  of  the  same,  hydraulic  structures,  the  INN 
River  bod  can  be  also  made  dry  in  some  places'  between  run  128  and  67* 
This. period  of  dry  bed  could  be  extended  for? 

48  hours  at  iSss’  - 146  md/sec 

19  hours  at  Pf  - 360  nr./seo 
* 3*6  at' MM  - 1500  ir^/see 

175  hours  at  OT  - 2600  nP/sec 

A-06  INN  RIVER  BASIN  ABOVE  SVJISS--AUSTRJAN  BORDER  (lull  416). 

(Basis:  Reference  24) 


a.  fonsting  Developments. 

•••  ■-  * - • • • • >v 

(1)  SHSER  (STTS  LAKEl  Weir.  (Serial  No.  R-l) 

This  small  movable  weir  regulating  the  outflow  of  SILS 
Lake  was  constricted  in  1947.  Pertinent  reservoir  dal?  are: 


Maximum  stage  elevation 
Minimum  stage  elevation 
•Storage  capacity  ,, 
Lake  area 


1797 .p  m.uJU 
179&»5  m.u .A. 

2,2  1m? 
415.  ha 


(2)  siLVArjbANmt  (SxjbvAFLAN  LAKe.  ;.weir»  (Serial  Ko. 


This  anall  movable  weir  regulates  the  outflow  of 
SIlVAPLAN  LAKE,  it  was  constructed  in  1947  for  combined  power  develop- 
ment together  with  the  SITS  LAKE  Weir*.  Reservoir  data  follows 

MaxiEgga  «tapf>  eievatioa  1791.00  m»u»A.  > 

Minimum  stage  elevation  1790.03  m.u.A. 

Storage  capacity:  . 2*2  fcra? 

Lake  area  314  hi 


a^>7 
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(3)  ST.  MORITZ  LAKE  Weir.  (Serial  No,  R-3) 

This  small  movable  weir  regulates . the  outflow  from 
ST.  MORITZ  LAKE  into  the  INN  River.  The  corrfcined  power  development 
of  the  three  at.ve  hydraulic  structures  is  500,000  KWH  per  year. 
Reservoir  data  follow* 


fffftrtmrn  stage  elevation 
Minimum  stage  elevation 
Storage  capacity 
Area  of  the  lake 


1768.0#  m.u .A. 
1767.1  ni.u.A, 
0.7  har 
SO  ha 


b.  Develotanen te  in  Planning  Stage . 


(1)  5F0EIL  Development. 

The  SB  JELL  River,  originates  in  Italian  territory,  _flows^ 
into  GRAUBUNDEN  Canton  and  joins  the  INK  River  at  ZEhusS.  SWITZERLAND. 
A hi&i  dam  is  planned  closing  the  VALLE  DI  LIVI®0,  at  elevation  of 
1807  m above  sea  level.  The  storage  reservoir,  thus  created,  will 
extend  8 km  up  to  the  village  of  SAN'rA  MARIA  and  will  have  190  hm-’ 
storage  capacity.  The  work  is  planned  as  a combined  international 
power  development  of  ITALY  and  SWITZERLAND  • 

(2)  SCHUIS-TARASP  Development  * 


The  project  will  utilize  the  reach  of  the  INN  River  between 
SCHUIS  and  ZE5RNEZ  by,  means  of  construction  of  a •weir  in  stream*1  and 
powerplant  at  TARASP. 


(3)  TOiSTEEMUENZ  Dam  and  MARTINA  LAKE  Development. 


This  development  is  to  be  a combined  effort  of  AUSTRIA 
aid  SWITZERLAND  for  exploitation  of  favorable  geologic  and  hydro- 
graphic  conditions  created  by  FINSTERMUENZ  ravine,  through  which  the 
INN  oasses  from  SWITZERLAND  to  AUSTRIA.  This  project  provides  for  a 
dan  at  FB6TEHMUENZ, ; 160  m higi,  which  would  create  a lake,  17  km 
long.  At  elevation  1150,  the  storage  capacity  at  maximum  70  m stage 
variation,  would  be  400  ibk..  • 


INN  RIVER  BASIN  (Km  416  to  KM  21B).  (Basis*  References  25,  27) 


?hdsti?j__D£^velorn!f?p.'t’S ; 


(1)  SANNA  River  and  Tributaries  Development. 


The  SANNA  River  which  joins  the  INN  at  LANDBCK  (Km  314), 
is  formed  by  confluence  of  the  'ffilSANNA  and  RCBANNA.  The  flow  of  the 
TR35SMA  is  impounded  by  a 14  m long  roller  weir  with  1.1  rn  head. 
(Serial  No.  R-5). 
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tributaries,,  the  STILIUP  BACH  and  TVXBACH.  The  drainage  area  is 
1136,5  km2.  The  favorable  hydrology  conditions  of  the  ZILLER  valley 
a«i  possibilities  for  exploit  ition  of  water  power  contributed  greatly 
to  Indus  trialiaati on  of  the 'whole  area,  particularly- the  lumber 
industry.  According  to  Reference  6,.  359  powerplants  were  located  in 
the  ZlLIER  River  area  at  the  end  of  1950,  besides  many  snail  water 
supply  plants.  Only  36  arc  hydroelectric  powerplants.  The  rest  are 
small  print! tive  types,  utilizing  water  wheels.,  3ome  of  these  originated 
back  more  than  200-  years.  The  utilized  flow  varies  between  2,5-200 
liter /sac  and  the  power  capacity  is  , very  low,  (For-  details,  see 
Reference  &9  part  III  7a),  The  exception  As  the  sowcilled  MAYERNHuFMER 
Muehlkanal  (Mayernhofen  Milrace ) between  ftr  23, 2-31.3 • , This  canal  re- 
directs 1-1.5  m3 /sec  of  the  SILLER  flow  past  ths,  ancient  fixed  dam. 

This  canal  feeds  11  small  porter 'plant  units  for  various  small  industrial 
plants.  Tabulation  of  data  on  the  ZILLER  hydroelectric  plants  can  be 
found  in  Reference  6 1 Only  two  if  these  5o  hydroelectric  powerplants 
are  of  more  than  recent  type  and  are  of  outstanding  importance  for  the 
cower  development  of  Austria1'*  Province  of  TIROL,  They  are  the 
EQE3ED0RRAU  and  GE&L0S  Power  Developments, 

(b)  BOFJjffnnP^JAU  Power  Development. 

; .«*  " . J "■*'  ■ , 

1*  BCIS’EDOEfiAU  Power  Development  utilizes  the  flow  of 
ZE5i®/£H5  TOXBACH  and  STILIUP  BACH.  The  development. *as  constructed 
in  the  peri<jd  192d*-31.  Originally  it  was  planned  together  with  the 
developments  of  KXXER  BACH.  This  second  part  was.  abandoned,  but-  its 
construction  is  still  under  consideration,  * 


2.  The  three  streams  have  fixed  weirs  of  special  con- 
struction known  as  •Tirol  Weir/7  suitable  f or  sw*f  t Alpine  streams  of 
extreme  turbtilant  character.  (See  Reference  3C,  Pages  142,  143  & 155;. 
The  "Tirol  WeirB  * is  a fixed  type  without  any  movable  psru  built  so  that 
the  swift  moving  floods  earr^ihg  iceblocks  or  driftwood,  and  large  size 
sedimentary  material  cannot  d ana  go  the  structure.  Along  the  weir 
structure  extends  an  open  channel  approximately  1.5  m wide^x  1,5~2,0  m 
deep',  covered  only  by  a trash  rack  with  clearances  of  0,006  m.  Tx*a 
flow, passing  the  crest,  sinks  partly  into  the  channel  and  partly  over- 
flows and  falls  into  the  stilling  basin  placed  below^.the  weir.^Prcm 
the  channel  the  flow  is  'carried  towards  the  tunnel  and  power  coi**u*v. 


The  ZEMMBACH  intake  weir  is  of  the  Tirol  type,  is 
23  m long  with  a crest  elevation  of  867.5  m.u/l.  It  has  a horizontal 
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The  weir  is  constructed  to  acconjnodate  4hP  m3/sdB  of  catastrophic 
flood.  (See  Reference  30,  Kg.  67,  Page  156,)  The  free  surface 
tunnel -of  theZEMBACH  is  1706  m long,  3,5  tt2  Cross-seption  area, 

0*45  percent  gradient  and  7 vp/cac  maximum  pannitted  flow  capacity.  - 
At  the  tunnel  an  trance  is  a gravel  and  sand  outlet  loading  to>&ras 


the  70MRACH  stre&a  bed*. 
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4,  The  TUJB/iGH  is  detrtned  to  elevation  382.20  s,u^.t> 
by  a concrete  "Tirol  TeLr,"  equipped  with  intake  rack,  intake  gate, 
sand  removal  installation  and  a fish  pass The  free  .y<ir?a;,.-  tunnel 
is  167  m long,  3.5  rrr  cross-section  area,  2 percent  gradient  and 
5 np/sec  maximum  peirrl tted  flow  capacity*  The  outlet  for  the  1TJXBACH 
tunnel  is  located  20  m above  the  OTMVB  fiCH  tunnel  and  above  the  combined 
surge  tank,  which  is  at  elevation  860.0  with  a permissible  minimum 
elevation  of  855.0.  The  20  m difference  in  elevation  is  utilized  in 
the  so-called  OTISC  HiW  KKAVWEKX  (between  Powerplant ) • The  power  flow 
from  the  TUXBACH  tunnel  is  directed  through  a penstock  to  twin  Francis 
turbines  with  alter  rating  generator  of  500  KVA.  This  Z^SCHWKRAFWSRE 
is  equipped  with  a waste  chute  and  energy  destroyer. 

' 5L«  the  confined  Installation  for  TtfXbACH  and  ZEMMBAGH 
utilizes  a surge  tank  equipped  with  a Buchi  sand  removal  system  of  6 „ 
chambers*  The  tank  cummuni cates  with  an  open  storage  basin  (HjCXk*  m-' 
capacity)  equipped  with  a 60  m long  spillway  and  waste  channel  315  m 
long,  8 percent  gradient,  leading  into  the  TUT3ACH.  Ihs  intake  to  the 
turbines  is'  equipped  wlih  *a  f ine  -rack,  a lifting  gate  4*20  m x 3*20  nu 
The  inflow  is  regulated  by  a butterfly  valve,  2.2  m diameter*  The 
steel  pipe  penstock  is  desigied  for  13.4  itK/seo  flow  and  is  composed 
of  the  following  parts*  , \ 

r K . * 

512  m long,  slightly  inclined  2.2  m diameter 
123  m long,  pressure  shaft*  1.8  m diameter 

76  m long,  slightly  inclined  1.7  m diameter  - 
129  m long,  very  steep  1.7  m diameter 

6.  The  STELUTFB AC H envelopment  was  constructed  in  the 
period.  1937-39.”  It  impounds  the  flow  of  the  STTLUJPBACH  by  means  of  a 
"Tirol  The  13^0  m long  weir  has  a crest  elevation  of  870*5* 

The  flow  is  conduc  ted  from,  the  weir  into  a surge  tank  through  a 280  m 
long  conduit,  3.2  rr?  eross-sectiojj  area,  and  0*25  percent^  gradient. 

The  maximum  permitted  flow  is  2 riK/sec.  The  surge  tank  is  constructed 
in  the  form  of  an  equalizing  shaft  20  m high,  3 m in  diameter,  equipped 
with  overflow  arid  regulating  mechanism.  The  penstock*  a steel  pipe, 
consists  of  the  following  paj*tss 

105  m long,  45  degree  incline  1.0  m diameter 
20  m long,  horizontal  1 xn  diameter 

*•  **'•'  27 5 'in  long,  very  ateep  open 

line,  anchored  at  ' ' 

4.  places  0.8  m diameter 

Tf  m long,  ZEMMBACH  Valley 
crossing 


0*8  m diameter 
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where  structural 2y  required.  The.  tunnel  descends  from  elevation 
1170.25*  to  1160.64  m.u.A,  Two  ■window  s'r*aftsK  345  rn  and  350  m long 
respectively,  serve  for  additional  intakes.  A surge  tank  consisting 
of  a 39  m high  circular  shaft,  7,7  m 2 cross-section  area.  Two  upper 
chambers  138  m long  have  ?20C  m3  capacity..  Three  lower  chambers  have 
640  m^ capacity.  The  1394  m long  penstock  consists  of  a steel 
reinforced  pipe  2.2  m diameter  diminishing  to  1.6  m diameter. 

9 * 

The  powerhouse  has  4 Pel ton  turbines  of  21,000  HP 
coupled  with  alternating  current  generators.  10, 500 KN and  15,600  ^. 
The  »3an  utilized  flow  is  12  m?/sec,  mean  utilized  hydraulic  head 
582.7  in.  Annual  production  is  230,000  KWH  of  which  winter  (October- 
March)  production  is  41,000  EVTH,  and  smrmer  (April-Septorfrer),  189, 000 
The  tailrace*  is  a concrete  open  channel,  260  m long,  5 m wide  at 
bottom,  of  trapezoidal  cross-secti  on,  and  side  slopes  2*3, 

6.  Further  extension  of  Gar  las  Development,  which  at 

present  is  in  planning  stage  according  to  Reference  31  provides  for 
construction  of  a dam  which  would  Inpound  the  GEHL0S  flow  above  the 
tares  ait  storage  reservoir  at  elevation  of  1390  m.u.A.  An  annual 
storage  reservoir  is  to  have  40  hrr  storage  capacity.  An  8.4  km 
long  tunnel,  will  transfer  the  power  flow'  to  the  powerplant  at  GMDENB. 
Tlie  tailrace  'of  this  proposed  powerplant  would  lead  into  the  present 
weekly  reservoir  at  elevation  1190  m.u*A. 

(5)  ACHSNSEB  Power  Development.  (Serial  No.  R-6) 

(Basis:  Ref erences  6,  31,  35,  70 ) 


(a)  The  ACHENSEE  power  development  utilizes  the  flow 
originating  ir  ACHENSEE  and  its  tributaries:  AMPELSBACH,  ACKENBACH, 
XRANZBACH,  RTLVEHM0153fIBACH,  KEELBACH,  EURRACH  and  KESSEIBACH.  All 
these  streams  including  the  ‘ACHSJSEE,  are  by  nature  located  within 
the  watershed  area  of  the  German  ISAR  River,  a tricutary  of  the  D ABUSE, 
ffawever.  since  -the  watershed  is  confined  within  Austrian  territory, 
the  flow  is  utilized  for  power  development  of  the  Austrian  Achensee 
powerplant  and  the  tailwater  from  this  whole  development  is  diverted 
into  the  BIN  River  at  Km  269.93.  * 


fb)  Tte  north  outlet  of  the  ACHENBACH  is  dammed  by  a 
’ Iftw  ((3.6  m)  weir  to  elevation  929.45  m.u.A;,  at  the  9CHDIASTIKA  gaging 
statime  This  may  be  raised  up  to  929.60.  The  weir  consists  of  seven 
open ings  equipped  with  stop  log  closures.  Two  openings  equipped  with 
sluice  gates,  serve  for  regulation  of  the  flood  water.  The  HHW  of  the 
ACKENBACH  is  930.07  m.u.A «,  which  is  also  the  Kr57  of  the  laics.  The 
natural  storage  capacity  of  the  lake  in  the  uppAr  5 m is  36  hrr,  in  the 
upper  10  m is  66  UP?  The  structure  on  the  south  end  of  the  lake,  near 
PERT33AU,  consists  of  an  intake  shaft  2,6  m diameter.  127  m long  and 
with  intake  lip  at  elevation  915,43  m.UeA.  The  above-mentioned  10  m 
lowering  of  the  lake  stage  for  p.  mer  production  was  set  by  government 
regulation  jn  order  to  preserve  the  natural  • condition  of  the  country. 
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However,  much  greater  lowering  may  be  achieved,  frora  929,60  to  915.43, 
corresponding  to  14.27  m.  Therefore,  the  volune  of  storage  available 
for  release  toward?)  the  INK  i » much  higher  than' the  above  in® tioned 
66  hn3. 


! 


\ 

i 
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(c)  A 'gate  regulates  the  flew  into  a main  pressure  tunnel. 

The  sill  of  the  gate  has  an  elevation  of  914.94.  The  intake  shaft  was 
sunk  into  the  lake  by  means  cf  caissons  and  connected  by  a drilled 

nel  from  the  land.  The  erfcrance  into  the  intake  conduit  4s  protected  by 
a movable  rack.  The  pressure  tunnel  is  4650  m long,  2,75  m diameter 
and  was  drilled  through  limestone  and  wackas.  It  has  a five  pereoit 
gradient.  The  conduit  tunnel  has  a concrete  facing.  In  some  part  stone 
masonry  and  reinforced  concrete  were  required.  The  inside  of  the  tunnel 
is  surfaced  by  torkret.  The  pressure  tunnel  ends  in  a cylindrical 
pressure  surge  tunnel,  4 m diameter,  40  m high,  connecting  two  chambers  e 
The  upper  chamber  is  80  rn  long  with  3 6x6m  cross-section  area*  The 
lower  chant) er  is  48  m long,  3.9  x 3 m In  cross-section,  A Venturi  meter 
and  butterfly  valve  is  placed  between  the  pressure  tunnel  and  penstock. 
The  penstock  is  530  m long,  2.3  m dian^eter  arid  is.  strongly  reinforced, 

• . r- 

(d)  The  powerplAnt  house,  with  switch  installations , has 
seven turbines  with  horizontal  shafts  at  elevation.  532,8  ro.u.A.,  coupled 
directly  wi ti  generators  of  the  following  capacities.* 


2 turbines,  31i000  hp  -each^  380  m head 

2 turbines j 15.350  hp  each,  380  m head 

3 turbines,  8, OOP  hp'  each,  370  ra  head  . 


(e)  The  tsilwater  canal  is  640  m long.,  open  and  of  trapezoidal 
shape  with  concrete  sides,  slopes  of  2*3,  -anil  bottom  width  cf  6 ra« 

It  carries  25  m3 /sec  at  1,7  m:  depth.  The  elevation  of  the  canal  bottom 
at  the  exit  from  the  power  plant  is  526,12,  The  canal  joins  the  INN 
River  at  km  269.93,  by  means  of  . a submerged  weir.  Maximum  operation 
flow  of  the  power  plant  is  25  m?/sec  and  28  nr /sec  is  the  maximim  intake 
fl ow„  wThs  watershed  of  ihe.  area  is  106  km*.  Mean  annual  inf  lout  is 
140  hnrj  mean  inflow  rate  is  3*3 br^/sec.  The  gross  hydraulic  head  of 
the  installation  is  established  as  follows: 
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Maximum  peimissibla  stage  of  the  lake  929,60.nuii*A. 
The  lowest  tailwatar  stage  526.12  m«ilgA» 

Gross  hydraulic  bead*  » ■ ' 403 .4&m 


v*  / 
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at  fin  2.7  ty  a *Tirol  Weir*},  crest  elevation  942.5.  foot. 941.0  m*u.A, 

The  drainage  area  is  .28  kpn^  and  the  flow  is  3 m3/sec.  This  flow  is  > 
transferred  by  a 'conduit  towards  ACHEN  SEE,  The  conduit  is  7.2  km 
long,  of  which  1.8  km  is  a tunnel  drilled  through  the  mountainous  range. 
The  rest  is  open.  This  conduit  receives  also  the  flow  of  the  ACHEKBACH 
by  means  of  pumping.  ...  •• 
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(g)  The  ACHEhoACK  near  AGKEfcTOlffim*.  at  ®n  15-9,  after 
having  3 “ft  the  ACHEftsEE  towards  the  north,  is  impounded  by  a sluice 
weir  at  elevation  398  m.u.A,  The  watershed  area  above  the  weir  is 

21  ■>  tTom  vheuppar  pool  of  the  weir,  the  water  is  transferred  by 

s pis’Tp^.ng  installation  into  the  AMFfiLSBACH"  conduit  which  brings  this 
flow  back  Into  the  ACH0JSEE7  The  capacity  of  this  pumping  instal-  ‘ 
latio^  ^is  3.6  nP/sec,  and  consists  of  three  centrifugal  pumps,  each 
?.*2  nrysec  opacity*  .tfhe  fodrostatic  head  overcome  by  the  pumping 
is  31.7  au  ' : 

(h)  The  DtlER'RACH  with  its  tributaries,  KESSELBACH  and 
UFTERAUBACH,  is  Impounded  by  a fixed  weir,  crest  elevation  940*0  ra.u.A. 
equipped  with  a movable  shutter,  by  which  flew  may  be  raised  to  948.5. 
Tile  pool  storage  is  p.,25  htir  j the  dred  nAge  area  is  63  km*J  the  riipar 
flow  is  3.3  nP/sec.  A Dufour  sand  removing  installation  is  built  chi 
the  weir  to  Clear  the  flow  of  sand  and  other  material*  An  8*2  Ion  long 
tunnel  of  5*5  cross-section  area  and  0*15  oercent  gradient  transfers 
the  flow  into  AC  HEN  SEE » The  flow  of  the  KESSEL’and  UNTERAUBAGH  are 
transferred  into  the  main  tunnel  by  side  conduits* 

• 1 1 

(6)  KIRC EB1C HEI  Powerplintt . (5 erial  No » R-B ) (Basiss 
References  6,  33,  35)* 

’V  ■■■'  • *i-  . w Sr/  y-  r r.  cr  "•  •,  r.  i a J . ■.  ov  . 

(a)  Weir.  At  Sn  232*3,  on  the  iNN  Rivsr,  is  a concrete 
movable  sluice  weir*  It  has  four  openings,  each  20  m wide,  and  another 
10  m wide  opening,  the  lAtte**  for  raft  floating,  Ihe  sill  elevation 
of  the  weir  openings  is  at  491*0  m.u.A*,  of  the  raft,  opening  at  494.5* 
The  neimal  elevatl&n  of  t the  upper  pool  is  496«5|  in  the.  winter  period 
the  pool, is  raised'  to  497*0.  The  weir  Cphi* lllp 8 Closed  »5y  vioVuXs 
roller  gates)  the  r&ft  openings  ty  a single  slide  g^te.  # 


!j, : , jjj&U  Tba  intake  structure  of  the  upper  water  canal 

Adjacaat  tp  the  main  weir,  has  10  openings  totaling  7.5  in  wide, 

' between  9 pillars,  bach  6*4  m wide.  TheJ  s5.ll  elevation  of  the  jftafob- 
ture  is  493 *0;  the  bottom  elevation  below  the  sluice  i«  493*75.  'The 
canal  is  717  m long,  of  trapezoidal  aross-^sectlon.i.  14.64  ra  wide  at 
foe  bottom  narrowing  to\'l^v'7i$  m at  the  ©nd:v6f  foe  channel,  with  side 
,f  topes  of  4*5.’ , The  chanpe,l.i^  Cf»ncrete  masonsy*  ,The  banks  are  at 

ytov* viyu  498.0*  4^.125  m disijauoe  abgrire  toe  powerhouse,  the  canal 

'•rtdeo^tc  *>.?. m.  •;*? , v ';/;b ;b  i 


(e)-  Pbwephpuaa.  T)ie  entranee  to  the’  powerhouseand 
tyrbines. is  equipped  Tfitli  & r^ck  stud  s to  blog  closure.  The  powerhouse 
hasJ  three'  ^xbine^ui^ts1,  with;  vertical  staffs*  two  each  of  750b  JPf. 
ar.d  bne  of  3600  W dapaCl ty  * . The  utilized  byd^&lie  head  ih7*35  m 
at  .turbine  capacity.  T^e  maximum  flow,  for  pdvfer  operation  i& 

250  n K/sepi  iW  net  \hjdj&ulip,  head  is*  3*W4  m at  m at  six, 

months  W,  and  5.30  m at  H’T.  The  waste  channel  empties  into  the  INN 
at  fin  229*8. 
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\ i ) KIFFSTE3DJ-WEIS5ACH  Power  Development, 
Basis  i Reference  £] 


This  power  development  utilizes  the  How  of  the  WEISS  AC  H 
streams  by  means  cf  a concrete  weir  with  automatic  shutter  located  at 
NEIGSACH,  Kb  2*6*  The  upper  pool  has  an  elevation  of  518.6  m .u  »A  » , the 
fixed  crest  of  the  voir  is  517i30m.u«A*  The  intake  into  the  poorer 
conduit,  equipped  with  rack,:  has  a 4C  m long  sand  removal  tunnel, 
leading  into  a 208  m long  pressure  conduit  above  ground,  ’of  1*6  m 
diameter.  After  crossing  the  SC  HTOXC HER5AC H,  the  900  m long  tunnel 
transfers  the  flow  to  the  powerhouse.  The  powerhouse  is  located  on 
the  right  side  of  the  INN  River  at  Sn  222:99 • It  is  equipped  with 
two  Francis  spiral'  turbines,  each  1000  hp  capacity,  coupled  to  an 
'alternating  current  sychron-generatcarUf  800  KVA.  The  waste  canal  is 


faulted  and  6 m^/sec  capacity,  gradient  0.3  percent.  The  elevation  at 
the  iuncti;m  with  the  INN  River  is  460 ,5*  Maximum  utilized  flew  is 


2.5 


ir^/sec,  utilized  head  is  38  m#  In  planning  stage  is  an  extension 

of  this  "power  plant  by  Impounding  of  an  additional  flow  of  6 r.K/’sec 
frem  the  WEtSSACH  by  means  of  11  jn  high  weir  at  elevation  566.  A 
small  pondage  basin  of  170,000  itr  in  connection  with  this  extension  is 
also  planned. 


b.  Developments  in  ’Planning  Stags  or  Partly  under  Construction. 


(Baa  1st  Reference  26) 


(1)  Upper  INN  giver  .Power  Development . 


(a)  General.  This  development  extends  from  the  Swiss- 
Austrian  border,  crossing  ine*  ,5Nn  River  at  ftu  416.25,  and  extends  to  Sin 
353*5  where  the  main  power  plant  or  RGFPEKwill.be  located;  This 
development  will  be  supplemented  by  two  lateral  stages  in  the  KAIINER 
valley  and  by  the  GEPATSCH  Reservoir,  storage  edacity  of  100  hnP.  The 
project  is  divided  into  three, stages,,  according  to  the  feasibi 31  ty  and 
degree  of  necessity  of  accomplishment*  PRUTZ-R0PPEN,  FXN3TEBM0ENZ-PHUTZ, 
and  KADNER  VAHE? . ’ ' " . 


(K):> 


SsBkfflsal.' 


I,  Weir.  Ttoi  development  is  partly  under  construe- 

..  _ W /■*  / ^ *•  • _5v  r\rrnW»A  1 _ Am..JA  —-JI  * *»'-  ■ ■ . -w  4^*1  ** 

TSioxu  itx>  jLTin  mi  jo  /*~  \-*0  WW  xrom  rpuia)  xa  a uiwrauxo  weax 

to  impound  the  INN  River  flcW.  This  Sluice  weir  has  ‘a' horizontally 
hinged  shutter  and  a total  height,  of  4 mwhen  closed.  It  Is  90  m long. 

The  upper  pool  is  at  858 .5 j ths  fixed  weir  crest  is  ®54»5  m.u.A.  A 
5rn  Irsraring  i-.f  the  upper  pool  stage  ptrvvides  0*11  hfTK  of  stored  water, 
which  Is  being  used  for  small  variation  of  flow;.  The  intake  into  the 
conduit  is  400  m upstream  from  the  weir.  The’  power  conduit . in  9*6  ten, 
long,  6.2  m dUaeter  and  end^  in  *1  daily  storage  reservoir,  % \ha  PIT? 
Valley  near  pr$ENlTF.  The  s’torage  capacity  of  this  reservoir  1?  .. 

1.2  htr  • The*  tunnel  is  drilled  thrmgh  heavy  rock  composed  of  landeck 
phillit,  phillit  gneiss,  mica  slate  and  quartz. 


a 
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2.  The  PITZENHOF  daily  pondage  reservoir  is 
created  by  damming  the  PITS  Valley  by  a 26  m high  and  160  m long 
rock  fill  dai,  The  dam  has  a f 1 > d water  spillway.  The  noimal  stage 
of  this  reservoir  is  856,5;  the  minimum  stage  is  842, 0.  which  corres- 
ponds to  a stage  variation  of  14,5  m*  The  difference  between  the 
elevation  of  weir  at  PHLTT’Z  and  the  reservoir  at  P1TZ5NHQF  corresponds 
to  the  loss  of  hydraulic  head  in  the  conduit  at  45  ir^/sec  flow.  At 
higher  inflows,  which  may  reach  110  m^/sec  during  the  summer  period, 
the  atage  of  the  reservoir  may  rise  up  to  848.0.  Outflow  fr:?m  the 
PITZEJHQF  reservoir  is  c nr  eyed  through  a tunnel  (6  km  long  and  6.8  m 
diameter)  to  a surge  chamber  located  above  ROPPEN.  From  there  two  pen- 
stocks, each  4 m diameter,  c induct  the  flow  tc  a puwerplarrt  Treated  at. 
INN  Km  353.5,  The  pcwerplant  has  f*-ur  Francis  turbines,  each  29  m^/sec 
flow  capacity  totaling  116  nP/sec,  corresponding  to  a power  capacity  of 
136,000  XT,r,  at  147  m utilized  hydraulic  head, 

(c)  FBI3TERMJENZ-PKUTZ  Development.  The  flow  of  the  INN 
is  collected  in  the  pondage  basin  of  FINS  TERNUENZ  (Kin  412)  which,  ^ith 
its  top  stage  of  1028  m.u.A,,  will  have  a storage  capacity  of  3 tar, 

A pressure  tunnel  will  lead  t the  surge  tank  near  PRUTZ,  (Krri  |87.2). 

The  powerplant  at  PRUTZ  1b  designed  fv»r  a maximum  flow  of  88  m^/sec, 

135  m utilized  head  with  installed  power  capacity  of  1(X),000  K?f. 

(d)  KAUNER  VALLEY  DEVELOPMENT.  In  the  upper  reaches  of 
the  XAUNSiZ  VALLEY  is  planned  a znck-f f iled  dan.  100  m high  which  Trill 
create  a storage  reservoir  of  ICO  frn^  capacity  at  1780  m.u.A.  The 
drain?  ge  area  involved  is  103  km^  plus  a 27  km~  additional  area'  from 
small  tributaries  of  the  FAN  GEN  BACH . The  8.2  km  long  pressure  tunnel 
of  3*4  m diameter  will  bring  the  flow  into  the  generating  station  at 
FEoCKTSv.  The  flow  capacity  is'  27  nr /’sec;  the  utilized  head  425-250  m. 
The  tailwater  flew  frem  the  generating  station  is  to  be  impounded  by  a 
Ci impen sating  basin  of  0,45  tar  capacity.  A pressure  tunnel  will  lead 
from  the  basin  to  the  surge  tank  above  PRUTZ . This  pressure  tunnel 
with  a net  head  of  407  m will  supply  20  n? /sec  flow  to  the  KAUNER  VALLEY 
Power  Station  of  PRUTS.  The  installed  capacity  is  to  be  70,000  FT. 


(2)  OETZ  River  Development. 

(a)  General.  The  power  development  of  the  OETZ  River  and 
its  tributaries  is  very  far  reaching.  The  development  is  planned  in 
several  stages  and  the  cons  tructi.  >n  of  the  first  part  started  early  to 
1951*  This  first  stage,  to  be  accomplished  in  1958,  provides  for  the 
construction  of  the  ZSTIESELSTEIN  storage  reservoir  with  a storage  capa- 
city of  122  hrrP,  and  a power  plant  at  C 'TZTAL.  The  second  stage  of  the 
OETZTAL  power  developments  provides  £0.  the  construction  of  two  addition- 
al dams,  as  follows: 
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FXSCHBACH  T tem 
RI5FELSEE  Dam 


Storage  Capacity 
70  hm| 

30  hn3 


Elevation 
2334  m*u*A. 
2280  m.u.A. 


Fj&te  of  Flori 
18.6  nP/sec 
8-10  nx/sec 


The  ultimate  stage  provides  for*  constriction  of  two  more  dams,  as 
follows : 


VENT  Dam 
FINSTERALER  Dam 


Storage  Capacity 

120  W? 

60  hn3 


Elevation 
1980m^uuA  • 
2340  m.tteA* 


following  dimensions: 


(b)  2WIESEL3TKIN  Dam  which  is  of  the  arched  type  has  the 


Storage  capacity 
Area 

Maximum  stage 

Minimum  stage 

Net  head  tcwards  INN  River 

Helgit  of  the  dam  a&  ve  the  valley  floor 

Length  of  the  crest 

Potential  power  capacity 


122  hn3 


205  ha 
ly75  m.u.A* 
1470  msU*A « 
829  m 
155  m 
370  m 

233  x 10b  KffH 


The  dam  site  is  located  at  the  confluence  of  the  GURGLER  ACHE  and 
V3ITER  ACHE.  To  a conveying  tunnel,  9«4  m long,  into  which  the  brooks 
HETTENVACH  and  P0LIESBACH  are  dr  the  flow  is  conducted  to  the 

surge  tank.  From  there,  it  disci  rges  through  a pressure  tunnel  to  the 
turbines  of  +.h«  unde rgrounn  power  station  BHRGGEN  X»  The  tailwaoer  of 
this- power  station,  BHUGGEN  I,  is  impounded  in  the  weekly  HJBEN  reser- 
voir, located  in  an  adjacent  valley  to  the  north.  At  its  maximum  level 
of  1233  m.u.A.,  the  storage  volume  will  be  7.5  hr&»  The  HJBEN  rese*'- 
voir  will  serve  as  compeoating  basin  f^r  the  generating  stations, 

BRUGGEN  I ani  TT  and  also  as  weekly  reservoir  for  the  intermediate 
inflows  below  the  reservoir.  A pressure  tunnel,  22.4  ten  long,  witnthe 
JTSCHBACH  and  HAIRLACHBACH  diversion  leads  frcm  the  HDBEH  reservoir  to 
the  dailv  reservoir  of  5TUIBEHBACH . This  reservoir  will  have  a dam 
80  m high  ard  a storage  net  capacity  of  2.4  hm^  at  maximum  stage  eleva- 
tion  of  1230  m.ujl.  It  will  impound  the  discharge  from  the  GETZ 
ccssveying  tunnel.  Prom  there  the  water  is  to  be  conducted  by  a pressure 

tunnel,  1*0  Km  long  TO  * ourgtf  u&uk.,  vjr  — 

the  0ETZTA1  power  plant*  The  power  station  is‘  a fully  underground  plant. 
The  tailwater  is  discharged  into  the  INN  River  by  a 1.6  km  long  canal. 
The  preliminary  work  for  this  part  ->f  the  development  ms  started  in  the 


4 

ri*  a* 


1941-45  and  work  vras  restored  again  in  1951* 
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(4th  opening  shut)  vrithout  raising  the  upper  pool  stage  of  430.5  nJIN. 
The  upper  pool  of  the  WASSERBURG  Development  is  protected  on  both  sides 
by  dikes  arvi  levees  to  prevent  widespread  flooding  of  low-lying  areas . 
The  lengths  of  these  protective  structures  arc  18.4  km.  Seven  punping 
■ stations,  with  total  capacity  of  5.9  mtyi sec,  have. been  obstructed  for 
draining  of  the  diked- in  areas.  Approximately  790  ha  which  formerly 
v/ere  inundated  during  t he  flood  period  are  now  protected. 


(d)  The  povrerplant  is  placed  in  the  extension  of  the  weir 
and  perpendicular  to  the  direction  of  flow.  There  is  no  special  upper 
housing  structure  on  the  plant.  The  machine  units  are. protected  against 

' __.it _ - ehnalae  'HKa  V*  AQ  flVfi  f-llfM  TO*  lXT'.itS 

W^aviiDi  uj  omwa  .wu^v^*  rv..  — r-«— .*  — 

with  vertical  shafts  and  generators  coupled  with  the  turbines.  The  total 
flow  capacity  of  the  turbines  is  450  in-  , esc  (9Q  nr/sec  each;  ^for  108  days 
-wm  -.n  2'-"  vr  rj-wr=r  caoaoity*  Annual  prodiction  varies 

between  140  and  150  >:  10°  KTCH. 


(3)  TEbfFELSBPJXK  Weir  and  Powerplant . (Serial  No.  R-1Q). 

(a)  Located  at  Bn  147.15,  TE0FFBL5BRICX  Powerpl.snt  has 
been  developed  sixrrcl.tansously  with  the  development  of  ^SERBURG  and  the 

''  next  downstream, pawerplant  at  GABS.  It  was  also  constructed  in  1935-39 
is  a "powerplant-in-stream."  The  upper  pool  elevation  is  420.55  eNN. 

- Tailwater  elevations  ard: 

At  MW  413.23  nWN  (NR  - 363  m^/sec) 

At  HfflT  417 *40  irNN  (H®  - 2760irP/sec) 

At  NNW 412.54 wNN  (Hi  - 75m3/sec) 

(b)  The  upper  pool  has  the  following  dimensions: 


Location  Bn  above  Weir  Width  (m3  Depth  (m3 

TSSIFS'fSiSBRUCK  Weir  0 160  9.3 

AU  ' 1 190  , 3.7 

UHFAhT  • 5.5  170  5.9 

THALHAM  7.5  170  -i'l 

KDLBERG  10  17P  ,2.2 


(c)  The  upper  pool  of  TSJFFEL3BURG  Weir  is  confined  to  the 

_ • m.  j 1 1 . f l-  — i.  _ 1.  •_  1 . _ *1  twr\  irf.Vi 

INN  River  bed,  on  account  01  une  nxgn  bubo*;  u«itvo.  **»«  — — 

of  the  structure  across-  the  river  is.  160  m and  consists  of  two  parts: 

the  weir  and  the  powe* plant. 


■'d)  The  weir  is  movable*  It  ras  4 openings,  each  16  m 
wi^e  aixi  10  m through-flow  height.  The  weir  is  able  bo  carry  the  dHw 
flow  of  2760  m3 /see  through  three  openings  (4th  opening  closed)  with- 
out Exceeding  the  trap  or  pool  elevation  of  420.55  nilN. 

• . 
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(e)  The  powerplant  Is  constructed,  similar  to  T7A33ERBURG 
in  rn  extension  of  the  weir.  It  has  no  upper  structure  and  no  pen- 
stocks. The  turbine  units  built  inside  the  structure  are  protected 
on  top  by  steel  cupolas.  A bridge,  4.5  m,  and  walkways  1*45  and  1.0  rn. 
on  top  of  the  installation  provides  for'  crossing  of  the  river  and 
servicing  of  operating  mechanisms.  The  power  plant  h*5?’  5 conical 
turbine  units  with  vertical  shafts  and  directly  coupled  generator. 

The  maximum  utilized  flow  capacity  is  450  rrr/sec  (90  m^/sec  per  unit) 
for  H4 -days  - annually  and  24,000  WJ  power  capacity.  Annual  production 
is  140- 150  x 10°  KWH. 


(4)  GABS  Weir  and  Powerplant.  (Serial  No,  R^-ll). 


(a)  The  GARS  powerplant  is  located  at  Kin  137. 5 1 It  was 
built  in  the  period  193 5-1938  simultaneously  with  TETJFFEL-S BHUC K and 
TfASSERBURG  and  is  of  the  s=me  type.  The  uppei*  pool  elevation  is  ' 
412*40  rrNN  . Tailvrater  elevations  are  405.20  at  NET,  408.95  at  Kljf,  and. 
404.06  at  NNW.  The  upper  pool  dimensions  are:  ( 

Location  Km  above  TTeir  Width  fa;  Depth  (m) 

GARS  Weir  • . . 0 .180  9 

TAHL  . - 260  7.5 

GARS  3 . *150  6.6 

GUSCHSTALL  , - " ' ,150  5.7 

HDCHLEITEN  8.5  130  ' , 3.0 


4 . 

(b)  The  backwater  extends  9 .0  krft  upstream  to  Km'  146.5 
nearly  to  the  TElFFELSBUfcG  Weir,  The  thtal  length  • of  the  structure 
across  the  INN  River  is  180  m.  The  weir  ha's  4 openings,  each  17  m wide 
and  9.0' m through-flow  height.  These  are  exactly  the  same  dimensions 
as  at  WASSEHBURG.  Here,  also,  the  openings  arc  dimensioned  for  H3T 
flow  of  2,600  nr /sec.  This  high  flow  can'  be  carried  by  three  openings 
(one  opening  closed)  without  raising  the  upper  water  elevation  above 
•412,4  nWN.  The  upper  pool  (similar  to  that  at  TTUEFELSBURG)  is  confined 
by  high  banks  to  the  MN  River  bed,  arid  no  protection  of  banks  against 
inundation  was  necessary.  ■ • 


(c)  All  information  with  regard  to  the  powerplant  part  of 
the  development  is  exactly  the  sane  as  in  the  case  of  ’TASSERBURG  tod 
TEQPEELSBHICX.  This  applies  to  turbine  units, utilized  flow  power  capa- 

rH+.-r..  n.-sr^r  riWwinf.T.-inn  ss  vrffln  ns  tr»'Tv>  idero  f».rr*sa-tn&  v.»v»*ha1  rwm.  : o+.r» . 

„ , r — --  - 1 — t t — ~ o-  --- -oj  r * - — 3 ■*••*■  - 

There  are,  5 KAPLAN  turbine  units,  vertical  shafts  and,  generators 
directly  coupled . The  maximum  flw  capacity  is  450  nr/ sec,  115  days 
annually,  24,000  KKT  power  capacity  — 150  x 10°  KHH  annual  power  output* 


( 5 ) JETTEyBACH-TOEOGEDto  Powerplant.  (Serial  No.  R-12). 
"(Basis:  Reference  47) 


(a)  This  development  is  the  oldesu  on  the  German  part  of 
the  INN  River,  having  been  constructed  in  the  period  1919-1924.  It  is 
located  between  Kin  128.0-95.0.  Tie  movable  weir  at  JETTTNBACH,  Em  123.00 
impounds  tiie  flow  of  the  INN  River1  at  403.00  irNN,  which  is  6.50  m above 
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the  MW  elevation  of  396.5  tiNN.  Ihe  backwater  of  the  weir  is  8.4  ten 
long  and  reaches  to  Km  119.6,  with  the  following  dimensions t 


Location 

Km  above  Weir 

Width  (m3 

Depth  (m) 

JETTENBACH  Weir 

0 

140 

9 

F RAW  AM 

2 

170 

6.3 

0.  M0EDLING 

4 

151 

5.2 

BINDER 

6 

177 

3.0 

MTTTERGARS 

8.5 

86 

2.6 

(b)  The  weir  has  6 openings. 

each  17.0  m 

clear  width 

8.5  m through-flow  height.  The  sill  of  the  weir  opening?  is  at 

on/  r — iTvr  7Ga«  ai a#  #4^  a«  PI _a  + e ruk\  mt,«  4.^4  Qn 

cxteow  avi  i J7H  • ,3  it«.w  xv  * \uao  qao  vw‘I  v/a  vac*u  VIA  i X<a  UC  7*5*  / t Xiio  TiVucLa. 

length  of  the  weir  structure  is  122  m,  and  carries  a bridge  crossing, 
with  a 4.0  m wide  roadway . The  weir  rests  on  caissons,  sunk  20-30  m 
under  the  riverbed  on  flint  rode.  The  weir  openings  are  closed  by 
double  sluice  gates,  6.20  and  2.30  m,  which  may  be  lifted  independently 
on  rollers,  moving  in  niches  on  the  sides  of  the  piers.  In  front  of 
the  gates  there  is  a stoplog  emergency  closure.  (See  Reference  36, 

Page  637). 


(c)  The  flow  frem  the  upper  pool  of  the  JETTENBACH  Weir  is 
diverted  into  a 20  km  long  panai  leading  to  the  powerplant"  In  TOEGGlNG* 
The -intake  into  the  canal a located  on  the  left  side  of  the  , INN  River, 
and  nearly  at  right  angles  to  the  weir,  consists  of  21  openings,  each 
5.6  m wide  and  4.5  m high,  equipped  with  sluice  gates.  (See  Figure  880, 
Page  584,  Reference  36).  The  sill  elevation  is  398.50  nKN.  The  canal 
is  of  trapezoidal  section,  5.3  to  10  m deep,  37.6  up  to  50.7  m wide  at 
the  wate^  surface,  and  8.75  to  33*3  m wide  at  the  bottom.  It  has  220 
to  250  m*  cross-sectional  area  and  carries  300  m^/sec  at  1*4  m/sec 
velocity*’  (See  Reference  36,  Page  77,  Fig.  1260E).  Its  gradient  is 
0*0159  percent.  In  places,  tjie  canal  cuts  18  m deep  through  the  terrain 


(d)  This  cental  ends  in  a basin-  3 20  m wide  located  on  top  of 
the  natural,  terrain  grade- near  T0EGG3NG..  ’ The  basin  level  is  at  eleva- 
tion 398*80  nWN  in  summer,  402*45  in  winter.  At  the  foot  of  this 
grade  is  the  powerhouse.  The  flow  capacity  utilized  for  power  produc- 
tion ip  300-340  mr/sec  at  31*5  m utilized  hydraulic  head.  The  widened 
canal  corariunicates  with  the  surge,  chamber  from  which  the  f 4-Cm  is  carried 
to  tli  turbines  by  15  forged-steel  pipes,  Of  4.0  m olea^  diameter,  and 
50  m length.  In  the  case  of  sudden  stoppage  of  machines,  a side 
svphon  installation  ooirmuni eating  with  bottom  outlets  can  divert  150 
m^/sec  directly  into  a tailrace  over  an  energy  dissipator.  (See  Figure 
l$6i.  Page  920,  Reference  36).  The  tailrace  at  elevation  369*18  nWM  in 
sunnier  and  36S.3D  irI>N  in  winter,  is  2;8  km  long  and  empties  over  a de— 
prbifsed  weir  directly  into  the  INN  River* 


(e)  The  powerhouse,  contains  15  Kaplan  turbine  units,  each 
27  m^/beg  flow  capacity.  3even  of  -the s e generate  direct  current 
^6000  KW  capacity  each),  and  eight  generate  alternating  current 
(5800  KW  capacity,  8200  KVA  each). 
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(6)  NEGCETTINO  Ppyerplant  (Serial  No.  B-13)' 

(a)  This  plant  was  constructed  in  the  period  7.947-1951, 
as  a "powerplant-in  bream"  similar  to  those  at  WAS  SERB  URG,  TEUFFElsBURG, 
and  GARS,  The  41c  capacity  of  this  plant  is  510  /sec,  94  d^ys  per 
year,  24,000  KW  power  capacity  and  150  x 10°  K’A'H  annual  power  output. 

The  upper  pool  stage  is  568,80  ntJN.  The  t&ilwater  elevations  are: 

• • MW  361.46  mNN  (M3  » 371  nrVsec  ) 

HHVr  367.35  mNN  CffiD.  « 3000  m3 /sec  7 . 

(m  - 80  m3 /sec) 

(h)  The  weir  has  5 openings,  each  18,0  m wide,  with  8.50  m 
flow  height.  Roller  gates  with  collapsible  hinged  shutters  on  top  are 
provided.  • * 

(7 ) IiSITZAOHWERK  Power  Development. 

(a)  The  LEITZACR  Power  Development  uses  the  flow  of  the 
MONGFALL  River,  its  tributary  LEITZACH  and  3EEHAMER  Lake,  serving  as 
annual  storage  res er voir j of  th : following  dimensions: 

Maximum  elevation  654.00  mNN 

Minimum  elevation  646,00  mNN 

Storage  5 hn? 

Area  1180  ha 

i 

(b)  The  MONGFALL  flow  iq  impounded  near  WALL  and  trans- 
ferred by  a tunnel,  into.  3EEHAMER  LAKE,  after  crossing  SC  HLIERACH  River 
by  an  aqueduct  and  receiving  its  flow.  A pressure  tunnel  leads  the 
SEEHAMER  LAKE  outflow  to  surge  tank  and  from  there  by  penstock  to 
pcwerplant  at  VAGEN  • The  tail race  joins  the  MONGFALL. 

b.  Developments  in  Planning  Stage. 

The  seven  powerplants  which  are  at  present  in  planning  stage 
on  the  German  part  of  INN  River  will  be  all  of  the  same  type  as  7TASSSB- 
BURG,  TaJFFELSRHBCK,  GARS  and  NHJOETTING.  When  constructed,  the  full 
exploitation  of  tyie.INN  River  in  this  part  will  be  achieved.  -See 
Table  A-II  following  the  text  of  this  exhibit  for  tabulation  of 
pertinent  data.  The  planned  ^owor plant s-irv-str earn n are: 

(1)  ODER  AODORF  Weir  and  Powerplant  (fin  211.00). 


m..  • . « 1 . w i * -t.  _ xu  nan? 

xnxs  is  a paver  aevexapmeni:  pxtumeu  an  i cau:  u±  one  dim 
Rive"  that  forms  an  international  boundary  between  AUSTRIA  and  BAVARIA 
(!ftn  217.61-204.3) , The  UN  will  be  impounded  to  elevation  472.5  uNN. 

The  structure  will  be  able  to  carry  1950  m3 /sec  the  HHT  flow.  The  aver- 
age flow  is  302  m3 /sec  at  a gross  head  at  '6*6  nu  The  powerplsnt^ill“be 


constructed  for  44Q  vc?  /sec,  with  z paver  capacity 
production  111  x 1C---  KT^H. 


20.50  KP»,  and  annual 
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(b)  The  development  is  built  as  a "poweiplant— in-stream" 
similar  to  the  other  existing  INN  River  plants  like  T7ASSSR3URG..  The 
weir  has  6 opening s,  each  of  8.0  m clear  width  and  12.0  m through- 
flow  height.  The  I5T?  flow  of  6000  m-'/ sec  can  be  carried  by  five 


openings  (6th  opening  closed)  without  i-aising  the  upper  water  elevation 
of  336.2  niUN.  (See  dam  sketch  on  Plate  9a).  For  closure  of  weir 
openings,  there  are  double  sluice  gates  composed  of  two  vertical  slid- 
ing leaves,  Ihe  upper  leaf  is  equipped  with  a hook-shaped  upper  crest. 
Ihe  gaies  are  operatod  by  a power  drive  on  both  ends.  For  the  install- 
in*  and  servicing  of  the  weir  facilities,  in  particular  for  installing 
the  stoplogs  on  emergency  closures  as  well  a3  for  servicing  of  power- 
house, there  is  provided  & cantilever  crane  of  270  T loading  capacity. 


(c)  The  backwater  pool  of  the  INN  River,  with  8.25  km^ 
of  surface  area,  is  protected  by  10  ten  long  dikes  on  the  left  bank • 

The  protected  area  on  both  -sides  of  INN  are  drained  by  means  of  2 
pumping  works.  A further  extension  of  bank  protective  structures  near 
TAHL  ha3  be®.  carried  out  in  connection  with  the  building  of  the 
powerplant  at  BRAUNAU. 


(d)  The  powerhouse  of  the  ER3NG  Development  has  three 
Kaplan  turbines  with  vertical  shafts  and  superimposed  generators.  The 
maximum  flow  capacity  or  each  is  340  m^/sec  at  a utilized  hydraulic 
head  of  10.18  m,  representing  34,000  HP  power  capacity.  The  turbines 
lave  7 m diameter  and  are  the  largest  turbines  used  in  GERMANY*  The 
average  flow  of  the  INN  at  this  place  is  715  nr /sec;  the  average 
annual  production  of  power  is  427  x 1QP  BVH. 


(2)  QBERN3ERG  (EGGLF1NG)  Tfeir  and  Powerplant.  (Serial  No.  R-16) 

(a)  The  0BERNBERG  power  development  is  located  at  i&u  35.3 * 

It  was  constructed  in  the  period  1941—1944  simultaneously  vrith  BRING  as 
a.  *powerplant-in-stream"  type  similar  to  all  other  power  plants  on  the 
INN  River.  The  weir  impounds  the  flair/  of  the  INN  River  to  elevation 
325.9  ttWN,  The  backwater  reaches  for  a distance  of  10  kro  upstream  into 
the  tailsrater  of  EKCNG  Development  The  well*  has  5 openings.  each  23  m 
wide*,  ani  of  13  = 5 m through— flew  height.  The  HHT7  of  6300  m^/sec  can 
pass  through  the  weir  openings  without  raising  the  upper  water  elevation 
of  325.9  rtftN.  On  the  tcilwater-  side  of  the  weir  is  a covered  bridge 
which  acccssydates  cables  and  -other  aervi  clng  ins  tallatiuns . For 
closure  of  the  weir  opening,  there  are  double  sluice  C33  with  hook- 
shaped upper  crest  on  the  upper  leaf,  similar  to  those  at  ERING.  The 
weir  as  well  as  the  powerplant  part  of  the  development  is  equipped 
with  stoplogs  suf  upstream  as  well  as  downs iream  emergency  closures. 

Far  servicing  of  the  whole  installation,  there  are  2 portal  cranes. 

The  powerhouse  nas  4 ,mach^•i|!llt,  u*3-^8  and.  3 generate.  r ’•working  in  twin 
arrangements  so  that  only  3.- transformers  of  32,000  K7A  are  needed. 

-f-  ' • . v ^ • 

(b)  ILa.  powerplani.  is  built-  for  a maximum  990  vP/see  _ 
flow  at  9.85  m utilized  hydraulic  head,  which  represents  80,000  ffl 
rvwsr  capacity.  The  average  flow  if  the  XNN  amounts  to  721  r.i-,  sec  j 
the  gross  head  of  the  structure  is  10.2  ;n. 
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(c)  The  upper  pool  region  of  the  OBERNBERG  Weir  is  protected 
on  the  Bavarian  side  by  a protective  dike  10  km  long.  On  the  Austrian 
side  the  protective  structures  extend  5-6  km  from  CRASH*  to  the  junction 
of  the  ACHE*.  The  land  behind  the  right  bank  dike  is  drained  by  pui.ping 
works.  The  left  side  area  is  drained  through  the  existing  channel 
cctimuni eating  with  the  tailwater  of  the  C85RJBERG  installation. 

c.  Developments  Under  Construction . 

« 

(1)  BKAUNAU  (SIMBACH)  Weir  and  Powerplant.  (Serial  No.  B-14). 

(a)  The  flow  of  INN  River  is  impounded  to  elevaticwi 
348.5  afW  at  Kin  61.1,  2.7  km  upstream  from  the  town  of  BRAUNAU.  The 
total  length  of  the  structure  across  the  INN  River  is  320  m.  The  weir 
part  consists  of  live  openings  each  23  m wide  and  13.5  through-flow 
height.  They  are  equipped  with  double  sluice  gates  with  hoists  in- 
stalled rrnrvt  the  piers,  A traveling  crane  servicing  the  weir  and 
powerhouse  moves  on  a bridge  crossing  the  whole  structure.  The  HITT 
flow  is  5600  np/sece 

(b)  Levees  to  prevent  floods  were  built  along  the  reservoir 
area  on  both  banks  of  the  river-  On  the  Bavarian  side  the  length  of 
the  flood  protective  structure  is.  13. 5 km,  on  the  Austrian  side  8.5  km. 

For  draining  of  diked— in  areas,  there  is  one  pumping  plant  on  the 
Austrian  side  and  two  pumping  plants  on  the  Bavarian  side. 

(c)  The  powerhouse  has  four  Kaplan  turbines  each  22,700  KW 
and  fujjr  generates  nf  32,000  KVA.  The  powerplant  is  designed  for 
1020  nr3 /sec  flow  capacity  at  11.5  m utilized  hydraulic  haad.  The 
average  flow  is  715  nr  /sec  ard  the  gross  head  11.5  m.  Construction 
started  in  1951j  completion  is  planned  fur  1933-1954. 

a.  Developments  In  Planning  Stage. 

(1)  SCH/'^ERQINO  Weir  and  Powerplant.,  {Serial  No.  R-17) 

(a)  This  pewer  development  is  planned  to  be  located  at 
Km  17.7  above  the  junction  ox  the  R0TT  Strewn*  The  design  ox  the 
structure  is  of  the  same  type  as  the  other  INN  River  “powerp  lant 9- in- 
stream. w 

" (o)  The  flrxv  of  INN  is  impounded  to  elevation  314*5  nNN. 

Tlxe  powerhouse  part  of  the  development  is  rm  the  right  bank  because 
of  low  lying  terrain  on  the  Bavarian  side.  The  left  side  will  be 
protected  by  a continuous  levee  extending  from  the  weir  In  SGHAERDING 
up  to  the  tail-water  of  the  pewer  plant  in  08EENBERG.  On  the  /ustrian 
side,  only  sh>rrt  levees  including  *=nr<Tjnir:g  work 3 for  draining  of  low 
located  areas  will  be  necessary. 

r «,  l 
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(c)  The  utilized  flow  of  the  development  is  1015  mV*ec* 

The  average  flow  here  is  733  ir»-/aec  ad  gross  head  is  to  be  10.95  m. 

The  H iff  flow  readies  6500  m3/sec  at  this  location.  The  development 
is  planned  for  65,000  ICY  power  capacity  with  annual  production  of 
504  s 10°  KTIH. 

(2)  PASSAU  Tfeir  and  Powerplant « (Serial  No.  Rr-18) 

The  PASSAU  powerplant  is  the  last  step  in  hydroelectric 
utilization  of  INN  River  on  the  German-Austrian  boundary  to  be  developed 
by  Oesterreichische  Bayeirische  Kr&ftwerke  A.G.,  and  will  be  located  at 
Ian  4.2  in  the  *break-throu  gh"  valley,  by  which  the  INN  River  enters  the 
plains  of  the  DANUBE-  The  flow  is  to  be  impounded  to  elevation  302.5 
rrNN,  Ihe  weir  will  be  designed  to  accommodate  the  HIT/  flc*j  which  here 
reaches  6800  irp/sec.  The  average  flow  of  the  INN  is  747  m^/sec. 

The  gross  head  will  be  10.05  me  The  powerplant  is  to  oe  constructed 
for  1020  nP/sec  flow  oapscity.  The  Maximum  power  capacity  will  be 
76,000  !C7,  annual  production  469  x 10°  K7H.. 

A— 10  hV6  RIVER  (Basils  References  36,  37,  50,  51,  52). 
a.  General . 

(1)  The  ALZ  River,  the  largest  and  mo;  t important  German 
tributary  of  the  INN  River  is  the  natural  outflow  of  the  largest  Bavarian 
Lake,  CHI®*  LAKE.  The  stream  is  characterized  by  abundant  flow  because 
of  its  CHUM  LAKE  origin,  very  steep  gradient  and  neatly  complete  absence 
of  detritus.  The  ALZ  is  81  km  long.  It  flows  from  3EEBHU0K,  elevation 
518,11.  sj®,  (which  is  also  the  location  of  the  CHUM  LAKE  outlet)  to  its 
junction  with  the  INN  River  a:  MiRKlL,  elevation  358.00  mNN « Flow 
statistics  at  SEEBKJCK  are  as  followsj 

H7  60  m>/sec 
1 vn  24  roP /sec 
JT7  9»5  n r/scc 

(2)  The  ALZ  River  was  ofte  of  tbc  first  German  streams  u eve  loped 
for  the  "ower  requirements  of  *!,«  electrochemical  industry  in  this  region. 
The  development  of  the  river  for  this  purpose  started  in  1905  and  finished 
in  1923. 


(3)  The  upper  ALZ t that  part  of  tie  river  between  CHISM  LAm. 
and  ALTSNMARKT,  is  18*4  km  long,  veiy  winding  (the  aerial  distance 
being  only  9 km)  and  has  a 31. 5 m/tem  gradient.  Thi3  reach  is  undeveloped 
at  jhe  present  time,  although  dsvs jLOjsnsnt  ?£>uld  be  most  desirable. 

Thr  geological  formation  of  the  UPPER  ALZ  bed  and  its  great  seepage  are 
under  extensive  study  in  order  to  risks  the  exploitation  of  this  part 
of  ALZ  River  possible.  (See  Reference  52,  Page  94) 


a-  71 


A-iOa 


' (4)  Between  ALTEKM4RKT  and  the  junction  with  the  INN  River  at 
MARKTT,  the  AIA5  River  is  developed  for  power  production  in  4 stages,  as 
follows: 


ALTENMARKT  - FROSTBERG 
FROSTBERG  - TACHEHT3N  G 
TACHERTING  - MftRG&SETK®3ERG 
HIRm1  - HGLZFELD  - BURGKAUSEN 

b . ALTEK^^R^-FROSTBERG  Power  Development.  (Serial  K o„  R--19). 

This  development  was  constructed  in  the  period  1909  to  1911  • 

A weir  1.5  km  upstream  from  FROSTBERG,  impounds  the  water  of  the  ALZ 
River  at  elevation  488.67  niJN . The  impounded  water  is  directed  into  a 
left  bank  diversion  canal  leading  towards  the  powerplant  at  the  city 
of  FROSTBERG.  The  hydraulic  head  utilized  by  this  pcwerplant  is  5i00  m. 

The  power  capacity  of  the  plant  is  2500  HP. 

c.  FRC6  TBERG—TAC  HER  TING  Power  Development . (Serial  No.  R-20). 

This  development  was  built  simultaneously  with  the  FROSTBERG 
power-plant  in  the  period  1909-1911.  The  ALZ  flow  is  impounded  at 
elevation  48C.17  nNN  near  FROSTBERG  and  diverted  by  a 5.5  km  long  left 
bank  open  canal  to  the  powerplant  located  approximately  1.5  km  upstream 
from  TACHERTING.  The  head  utilized  at  this  plant  is  18  m.  The  power 
capacity  is  18,500  HP.  The  mean  and  utilized  power  capacity  is  9100  HP. 
(See  Reference  50) • 

d.  TACHERTIHG-MA RGARETHENTER G Power  Development.  (Serial  No.  Rc-21). 

This  power  development  was  started  in  1916  during  World  Tar  X, 
and  was  placed  in  operation  in  1920.  This  power  development  utilizes 
the  37  m fall  of  the  ALZ  River  betweenTACHERTING  and  MARGARETEENB  ERG  • 

The  flow  of  the  ALZ  River  is  impounded  dom stream  from  TACHERTTiJG  by  a 
movable  weir  and  diverted  to  a 13»5  km  long  canal  situated  on  the  left 
bank  leading  to  the  powerplant  at  Mf.RGuRETHENBERG.  The  canal  empties 
first  in  a surge  basin  and  from  -there  is  transferred  to  the  powernouse. 

The  power  capacity  of  MAPJihRETHENBERG  powerplant  is  22,000  HPj  the 
mean* annual  capacity  is  18,500  HP.  . 

e.  HIKTEfri-H0T Ii-BI iRGHAtBEN  Power  Develop161'^*  (Serial  No.  R-22). 

(l)  This  power  development  was  c instructed  in  the  period 
1919-1923.  The  intake  from  the  ALZ  River  is  located  a short  distance 
downstream  from  MARGARETHEN3ERG.  The  weir  is  84.18  m long>  the  crest 
elevation  423.5  nWN.  The  AIZ  flow  is  diverted  into  s.  16,0  km  long 
canal,  located  on  the  right  bank.  The  canal  crosses  the  'watershed  o* 
the -ALZ  and  ends  in  the  SALZACH  River  after  passing  through  the 
HOLZFEIIJ-BURGHAUS W powerplant.  The  intake  installation  far  the  canal 
is  developed  in  such  a way  that  the  canal  flow  can  be  takai  directly  out 
of  ALZ  River  or  from  the  tailwater  outflow  from  the  MAR GA RE Tf IE1J BU RG 
powerplant  (See  Figure  1—3.*  Page  462,  Reference  50 ) • 
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(2)  The  MARGA  RETHEJ  BURG  power  plant  and  its  tailrace  is 
located  on  the  left  bank  of  the  ALZ.  Its  tailrace  elevation  varies 
between  419.10-420*10  mNN,  at  2.5  m depth.  In  order  to  reach  the  power 
canal  of  HOLZFELD-S URGHAUSEN , the  waste  T/a ter  of  MAP GAR3THENB URG  power- 
plant  has  to  cross  the  ALZ  River.  This  is  accomplished  by  means  of 

a syphon  installation  located  inside  the  intake  weir  structure.  The 
lowest  point  of  this  syphon  installation  is  11  m below  the  crest  of  the 
weir  reaching  elevation  412*5  nNN.  The  tailwater  flow  of  the 
MARGARETHENBURG  powerplant  into  the  syphon  and  into  the  B URGHAUSEN 
canal  is  regulated  by  a gate. 

(3)  The  HOLZFRLD-BURGHAUSIN  supply  canal  from  the  intake  at 
HTRTSN  to  the  powerhouse  is  16  km  long  (See  Reference  36,  Page  669. 

The  canal  is  of  trapezoidal  cross-section,  3*5  ra  width  at  the  bottom, 

16  m maximum  width  and  4.5  m depth.  Cross-section  area  is  A6  m*-,  flew 
velocity  1.3-1. 5 m/sec,  flow  capacity  60-70  m3 /sec,  and  gradient  0.018 
percent.  The  canal  runs  along  the  ALZ  River  to  BURGKIRCHEN  partly  above 
the  surrounding  terrain  and  partly  cut  below  the  terrain.  It  crosses 
the  railr<jad  at  BURGKIRGKEN  by  a syphon  installation.  A relief  struc- 
ture. withdrawing  up  to  30  n?  / sec  of  flow  towards  KA 15 BACH,  is  located 
at  this  place.  The  canal  passes  through  a x«5  khi  rc-n g v-nrer*  Ac. 
HINTER  MEHRING  the  canal  leaves  the  watershed  area  of  the  ALZ  River 

and  crosses  into  the  SALZAGH  area  to  reach  the  H0LZFELD— BURGHAUSEJ! 
powerplant . 

(4)  The  surge  tank  of  the  powerplant  is  equipped  in  the 
usual  manner.  It  has  5 turbine  intakes,  an  emergency  spillway  If  m 
long,  and  a fine  rack.  It  also  has  2 waste  conduits,  175  n:  long, 

3-0  m diameter  and  60-70  nr /sec  capacity  (See  Ref.  51,  Page  722,  The 
penstock  consists  of  5 pipes,  2.6  m diameter.  Or 010-0. 016  m thickness « 
The  power  flow  varies  from  20  to  60  rrr/sec;  the  moan  annual  flow  is 
45,5  rr.3/sec-  Tn  addition.  10  m3 /sec  are  being  used  for  other  purposes. 
The  cross  hydraulic  head  of  the  development  is  59.35  to  64  is,  mean 
annual  head  63.6.  Utilized  head  is  57  to  61.8  m.  and  mean  hydraulic 
tead  61.4  m.  Five  Francis  turbine  units  with  horizontal  shafts, 

28,000  HF,  provide  for  power  generation. 
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EXHIBIT  B 


HYDRAULIC  DEVELOPMENTS  TO  THE  SALZACH  RIVER  BASIN  | 

-.  ' ' ■”■  ••  : s • • I 

B-»01= ' IK'^EJiCICON,  • | 


This  exhibit  consiata  of  abstracts  of  technical  literature  ««v> 
ceming  the  ohysicai  &ixl  hydraulic  characteristics  and  the  nyareulic 
development  - ♦»*?.  ^ALZACH  .River  Bftdift  of  the  AUSTRIAN  ALPS  . Refer- 

ence is  made  to  paragraph  A-Ol  of  Exhibit  A,  for  discussion  of  the 
source  naterial  and  other  reference  data.  ^ • 

PHYSICAL.  AND  If®RSULI;  CHARACTERISTICS. 

» 

> • 

*»•  General.  The  SALZACH  Fdver  originates  Oh  the  slopes  of 
SALZACH  GEURKOPF  at  elevation  2300  ro*u.A.  It  fleers  through  a small 
lake,  SALZACH  SEE,  at  elevation  2250  m.uifrV  Shortly  afterwards,  it 
in irs  with  the . KRt-siW  ACH&.  From  there,  -op  to  Use  junction  with 

the  IKK  River,  the  SALZACB  is  212  ka.  long  with , a 564®  total,  fall* 

The  tcftal  length  jsf  the  SALZACH  River  is  224;  tea.  - The  drainage  area 
is  6733*7  km2,  of  Which  156,3  kra2  are  glaciers.  Morphologically  the 
course  at  the  SALZAPH  can  be  divided  In  two  ma  jor  parts* 

~ (1)  UPfifeR SALZAGH between  Spuroe  ;{fcn' 224)  and  ®U^G  (Kte  93.6) 
tfiKjSR' SIliZACK  ^tirwwa^CDU.^  O^tlba -idth;  (^a  0) 

b.  UPPER  SALZACH  ftto  221.0  - 93.6K  ~ ' V 


(1)  ^osogresig.  The  upper  course  of  the  SALZACH  River  to 
GOliilND  is  located  in  Uie  high  Alpine  region  g£  the  Austrian  Province 
of  SALZBURG*  Iri  this,  part  it  flows  through  an  80  km  long  longitudinal 
•valley  known  as  HNZGAU,  followed  by  a 30  km.  long  aouth-north  cross- 
Talley  known  as  PONQAU . Four  distinct  geologic  and  topographic  regions 
are  noticeable  ...in  tftrla  .part  of  the  SALZACK  course , Description  of  @Aoh 
rt  jion  ,ia  aonfcair^l  in  tjhs  fellowir^.  adbpatagtephs. 

(aj  beginning  at  KRIML  (fin  212),  iw4,*s’  far  as  ERUCK-I03CH 
(Khi  161.4),  the  SALZACH  flows  in  a west  to  east  direction  through  a 
wide  and  partly  Tn^shytrtaigb-Wi^ed  valley,  with  a wide  flat  floor 
k nam  aa  fiBB#TOZfiAU.  The  side  valleys  accdmtodating  the  SALZACH '3 
manerous  tributaries  (particularly  .on  the  right  aioe)  joiivtbe  vail^f-' 
by  high  steps.  The  KRIML  ACHE  descends  by  a 450  m high  step*  The  < 
same  applies  to  other  south-sid  e tributaries  such  as  S1UBACHE, 

KAPPJ5?ER  etc.  . * 

. • . ' ’ ” • . . ...  •-  ■ • 

V (b)  Below  BBCCK-TOSCH,  the  FIHZGAU  ^a&ey  narrows,1  Ne$r 
TAZSRBACH  (Kta  151.0)  it  takes  the  tom  <?f  a deep  and  narrow,  ravine  . 
wigh  a steep  gradient,  ^nulifiiing  in  the  west^Phst  direction » Is  this 
rcad  B the  side  valleys  and  tributaries , susfr  as  GAS  ACHE  fin 

341.7* ; min  the  SAT.ZACH  through  narrow  gullies  and  waterfalls. 
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(c)  At  SCHWARZACK  (Km  133.7),  the  ravins  emerges  again 
into  a wide  and  flat-floored  valley,  turning  in  south-north  direction# 

This  valley  is  known  as  PGNGAU  TAL,  and  continues  for  approx iimtejy 

30  ten  northward  to  TOF3f  (TENN5PK ) at  fin  110.9.  In  this  reach  the 
SAL2AGH  is  joined  by* 

1*  GTOSSARIER  ACHE  at  fin  131.2  it  . v 
g.  HAGRAUIER  ACHE  at  fin  127*7  .*  • ■ 

(d)  At  THKNEC'K1  the  valley  breaks  . thr  ougn  NORTH  LIMES  X*NE  ALPS 

continuing  for  13*5  km  to  GOLLING  (fin  93.6)  where  it  enters  the  Alpine 
foreland  through  the  deep  LUEG  PASS*  > 

(2)  Geology . , ' 3 

(a)  The  drainage  area  of  the  SALZACK  PINZGAU  VALISY  is 
limited  on  the  south* by  the  high  Alpine  chain,  .’kposn  as  HOHS  TAUERN » 

One  of  the  longest  a*:-fd-!>.i^eet  and  a very  distinct  Alpine  chain,  it 
forms  the  backbone  of  the  eastern  part  of  the  central  Austrian  Alps. 

It  begins  oro graphically  ■«*  the  BIRN  GAP,  but  geologically  has 
already  started  at  BRENNER  PASS.  With  its  structure,  it  represents 
the  contin^aSi£^^f  the  miER  ALPS.  The  GROSS  VENEDIGER  (3600  m.u.A.) 
and  the  GRDSS  GlflCXKER  (3798  m.u.A.-)  6To  the  hipest  peaks.  Great 
petrographic  varietie s underlie  the  character  of  this  mountain  chain. 

The  SIS KQGEIrtTOHANNIS -HOHE  RIFFEL-KAJWTflER  KAM  are  composed  of 
Glimner  schist,  piyllitic  gneiss,  and  Limestone  phyllit.  However, 
archaic  and  crystalline  schist  (siliceaous  in  ths  deeper,  and  calcareous 
in  its  upper  layers)  form  the  geologic  background  of  the  TAUERN  range. 

At  KAT9GH5ERG,  the  HD  HE  TAUERN  chain  'ends.  Its  continuation  east  are 
the  lower  RAD3TADER  ALPS,  of  basin  neseaoic  character. 

• ' .W  • ' .....  « 

•o  ■:  ...  (b)  The  northern  delimitation  of  the  SaLZACH  longitudinal 

valley  is  formed  by  the“  KITZBUHLER  SCHIST  ALPS,  basically  of  grey.wacke 
substance,  whidi  represent  a failure  zone  depressed  by  nearly  1000  m 
ag&nvt  -the  HOKE  TAUERN.  The  highest  peak  of  the  KITZBUHLER  ALPS 
reaches  2300  m in  the  west  falling  to  1700  m.uxA.  in  the  east.  This 
range  favops  the  ,f  carnation  cf  moraines . add  high  slides.  ; The  .DIENTENER 
wjnwprtw  end  WQQJflrtRlJn  wriJHTATNS  cat  the  east  side  of  ZEuLBK  SEE  still 
belong  to  the  elected  schist  none. 

<c)  The  glacial  character  of  the  UPPER  SALZACH  valley 
(FliSGAU  and  PCNGAU)  is  evident  everywhere.  As  a matter  of  faot,  the 
valley  follows  the  pre-glacial  eroded  furrow  on  the  north  foot  of  the 
Central  Alpine  chain  of  HOHE  TABER**  Numerous  diluvial  fans,  terraces, 
as  weilr&s  glacial  gravel  fields  arid  deposits  accumulated  in  the 
rPTNZ0AU  trough,  testify  to  the  past  glacial  activity.  ;U-go  logic  ally, 
the  drairage  area  of  the  SALZACH  is  divided  in  three  main  gedlogio 
zones?  ' auein  crystalline  zone,  grey  wacke  zone,  and  limestone  Alps. 


i i 
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c.  ICggE  ^ivLZACH  flfa  93.6  - 0,00). 


(i  \ 

\-j 


Topography . On : the  north  a See-  of  the  SALZACH  break— 
through  the  NORTH  LIMESTONE  ALPS  at  LUEG,  there  begins  a 2—3  km  wide  , 
valley  confined  on  both  sides  by  high  walls  of  the  LIMESTONE  ALPS. 

This  valley  spreads  out  into  the  20  km  long , G0LLLN  G-HALIEIN  basin  of 
the  low  and  mildly,  sloped  FIISCH  MOUNTAINS’  A short  distance.  north- 
ward is  the  SALZBURG  basin,  extending  in  all  directions  into  long  = 
drawn-out  deoressions  and  secondary  basin?  accommodating  numerous 
lakes  and  moors,  such  as  THJJWER  LAKE,. WAGNER 'UKE,  WALLER  LAKE,  etc. 
The  drainage  boundaries  of  the  SALZACK  are  here  formed  cxi  the  left 
side  by  the  mountains  of  HOHER  GOELL,  (2522  m.u.A.)  and  UNTERSBERG, 
(1853  m.u.A.).  On  the  right  sidSyboundories  are  d«A j-uel  by  tlss  HOHER 
ZINKEN  chain  (1762  m.u.A  J and  the  GAJ.SBERG  (1288  m.u.A.), 

(2)  Geology.  Below  SALZBURG,  the  SALZACH  breaks  through  the 
glacial  moraines  at  Ik&TIK.. and.  again  between  RADEOJND  and  AUFHAUSEN, 
and  then  reaches  the  wide  gravel  fields  of  the  SALZACH-IKJN  plateau* 
(See  Plate  4) 

(3)  Hydrology. 

: • ..  * ■ ■ } ..  ;y< . 

(a)  In  order  to  illustrate  hydrologic  conditions  of'  the; 
SALZACH,  the  following  discharge  data  are  given* 


Sfotj  jn 


Feriod. 


sec  ) 


G0LL1NG 

1931-35 

' 135 

SALZBURG 

1931-35 

163 

SAALACH 

1 ■ - 

JUNCTION 

1901-38 

212 

BURGHAU3EN- 

■ACH  1931-37 

251 

; (b)  SALZaCH  flood  waves  become  significant  beginning,  at 
SALZBURG  ajid  exercise  predominant  influence  on  flood  conditions  of 
the.  IJN  River  up  to  its  junction  with  the  DANUBE.,  (See  paragraph  A-OC, 
Exhibit  A,'  INN  River  ifydroiogy').  In  the  SALZACH  reach,  WTTTISWIT— 

OS XERfCETH* B^G-TIT 1MDN IN 3-ETT37ATJ * considerable  oVerbar.k  f leading  occurs. 

tm*  .1  # — - X.  X mm)  .)  «i%r» 

tne  j,xoou  w«* 'u  uroav  xa  i-wuvw  \av*-**jv\*  oj 

extensive  overbank  storage.  At  NW  and  MW  the  distance  between  SALZBURG 
aid  BRAUNiu,  is  traveled  by  the  flow  in  9-lA  hours . At  HW,  13-16  hours 
are  needed  for  passage.  "Sharp  flood,  waves,  having  less  time  for  over- 
flow, are  faster.  The  velocities  for  various  reaches  of  the  SALZACH  are: 

SALZBURG-OBERNDGKF  3.0  km/ nr  • -• 

CBERNDORT-GSTERiv^IETHIN G 8,2  km/hr 

OSTERT/IEIHING-BRAUNAU  6*7  km/h r 
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b-03  EXISTING  SAL  ZAC  H RIVER  DEVELOPiiffiNTS* 

• . • . , ■ . - 

a,  3TUBAC1*7ERK  Power  Development.  (Basis?  References  6,  28,  42, 
53-5*5)  ' ' . 

(I)  General,  The;  STUB ACR,  tributary  to  the  SALZACH  River 
at  riti  152,54,  wia  G « v e lope u f or  poorer  production  by  the  Austria 
.Goveinment  Railways  in  the  period  1928-1950,  in  order  to  provide  for 
electrification  of  the  main  line,  SALZBrRG-WDERQL , The  exploitation 
of  the  STUB  AC  K for  power  production  is  performed  in  three  stages  as 
follows?  * 


oTUBACKWERK  I - EtNEIOERBODEN  ' 
3TUBACH3ERK  II  - aCHFRIDERAU 
STuBiiUMwERK  III  - UTTSIDdHF 


(2)  STUBI.Cir.VERK  I - ETNlIGEFBOlljN  Power  Devnnlor*ncnt  = 

{Serial  No,  R-ip) 

(a)  STUB/CHWERK  I utilizes  tbs  flow  of  the  STUBAGII  betvfsen 
its  origin  in  TAUEHMDS BODEN  LAKE  (elevation  2003  m«v«A.)  and  EINZIGER- 
BO’DUJ  (elevation  1472,25  m.u.A,),  (See  Reference  53,  Page  225;  Refer- 
ence 28,  Page  336),  The  most  important  part  of  this  development  is  the 
TAUSIMOSBCTJEN  LAKE  storagd  reservoir  created  by  raising  ito  sta6e  by 
means  of  a dam  - TAUEHK6K®S3®  Dane 

(b)  TAUERMOSBGDEN  Dam  was  constructed  in  the  period  1923-1929 • 
The  construction  was  carried  out  under  most  adverse  conditions,  because 

of  its  location  above  2000  m elevation  close  to  oL«  lauism  GLACIER,  The 
measurements  of  the  dam  which  is  of  masonry  gravity  type  are  as  follows? 


Length  of  iam  at  Crest 

Maximum  h&igjht  above  valley  floor 

Crest  Width 

The  width  at  the  base 

Crest  elevation 

KtW  elevation  ‘(small  floods) 


190,00  m 

28,00  m 
3*50  m 

19.50  m 

3304,50  m.u#A, 
203 '80  m.u.A, 


MIT  elevation  * 

Minimum  storage  election 
Storage  reservoir  Volume 


203.00  m.u,A, 

1984.50  suu«A. 
21.5  h»3 

(increase  to  65  htr3 


planned  ) 


(c)  The  upstroan  side  of  the  dan  has  1:0.05  and  the  down- 
stream side  1:0*7  slope.  Both  sider  are  reinforced  by  atone  masonry  * 
The  main  body  •of  the  dam  is  concrete  masonry,  partly  reinforced.  The 
spillway  is ’35.6  m lobg,  and  has  43  ri3/sec  capacity.  The  bottom  outlet 
of  the  dam  is  a steel  pipe  2,0  ni  diameter,  equipped  with  valve  and 
shutter  gate. 
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(d)  The  intake  sill  into  the  power  ‘conduit  is  diction 

1932.00  m.u./..  From  .there  the  Sla?  is  transferee!  by  a 41  m lore 
tunnel  into'  the  steel  pipe  penstock,  placed  In  a tunnel  drilled  in 
heavy  rook.  The  an  trance  to  the  penstock  is  developed  ir.  a Y form 
vrlth  2 branches  of  1.125  ro  inside  diameter  and  a riiain  branch  of  ie30  m 
inside  diameter.  The  two  entry  branches  are  regulated  by  automatic, 
but  terf iy  valves,  operated  fj*>m  the  platform  34  m abdye  one  reservoir, 
sides ^ The  valves  are  accessible  through  a shaft,  ‘ The  p'nstock  entry 
has  an  deration  of  1932.0  ni.u .A.  The  penstock'  is  1722  in  long  and 
descends  towards  tbs  power-plant  at  EIJJZi(3£h30J55N  in  4.  different  slopes , 
overcoming  a tc.1  dif  f sVoi«c o in  elevation  of  521  R!»  The  inside 
diems  ter  of  the  ncst-sck  varies  from  l.SO.in  at  the  entrance  to  1.20  m 
at  its  end  (elevation  1472';O  m*u*iAa)^  the  «itry  -turfeine  r-  The  '• 

flow  in  the  penstock  is  8 m3 /sec  at  7.1  m/sec  velocity. 

(e)  The  powerplant  at  EIKZIGERBODia*  (floor  elevation 
1472.3  m.u»A.)  has  4.  matin  turbines  each  8000  HP  power  opacity  and 

1.52  m3/sec  flow  capacity,  CQ^xined  with  a generator  for  current 
production  (See  Ref erehde  53,  Page  250).  Thai  dffectivepovTer  capacity  ■_ 
of  the  mein  turbines  is  23-000  Kfr,  the  annual  production  amounts  to 
68  x 106,  of  which  25  x JQ»  KWH  is  the  wint  0**  production.  The  utilized 
head  is  525  m. 


(f )  The  EINZTGBIBOOEN  plant  also  utilizes  the  flow  of  the 
WEISSENBACH  for  production,  of  p«w.eF  used . locallv.  This  stream  originates 
in  WEISS  LAKE,  elevation  2250*0  m#u*A*,  15*7  h*r  capacity.  (Serial 
No*  R- 24) * The.  lake  is  imnounoeo  by  ^ u«uaj  nvnu  ——  — — - 
Surasazy  or  critical  dimen  si  ana  follows? 


NORTH  DAM 

EAST 'DAM 

Cr^st  length,  (m) 

235 

64  ' 

Crept  width  (m) 

: . . *2.H  ' 

1.9, : 

.^ih'  at  the.  ;:y- 

» * 

O*.  J- 

.foot  (mV 

25132 

3*6 

(in)  V 

00  , 

•••  * 

(3) , sssmm.  R r, 

(ft)  STUBi£RwEHK  II  was  placed  in  operatiOii  iu  1941. 
tailwatar  of  STU7JACHWERK  I is  ponded  in  an  equalizing  pond  having 

|/ii>  n — .t  r «nH  "JMi  i«Vi  nv  ?n  ; * The  PO®3 fl  "i 

located  on  STtBACH  just  downstream  from  the  EINZIC^HBCOrN.  plant.  The 
pond  is  equipped  with  a 52*3  m long  spillway  for  f lcvxhrater'  discharge 
of  120  m3/sec  capacity  . 

6b)  : 'V«sn:ti»  pond,  a.  1*5  km  long  power  tunnel,  with  an  ; 
intake  at  1452.3  m elevation,  2.54  m inside  diameter,  and  0*017  - 0*05 
percent  gradient,  '3ir9bts*.ttie  f Ibtf  tb  a surge  tank  at  elevation  • 
1461.60  rn.u .A.  The  surge  tank  consists  uf  a vertical  shaft  of  3.60  m 

b-5 
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diameter  with  an  upper  chamber  30.4  its  long  and  a lotfer  ^chamber  17.6 
long  both  of 'circular  cross  section  and  3.10  m diameter.  From  the 
surge,  tank,  the  1309  in  long  penstock  drops  to.  the-  powerplnnt  (clcva 
tion  1042 * 6 m.u'.A. ) located  at  the  junction  of  SCHKUBACH  arid  STUBACH, 
n ear  - SCHNEIDSR'.U . The  gross  head  of  the  aaveispcent  is  ■ '•5,‘ 


(c)  fee  equipment  of  the  powerplar.t  -C'.rsists  of  2 machine 
units,  each  16,000  HP  and  3*75  ratyeeq  flow  nm acit*  trith  imxLmum  ^ 
'effective  power  of  ^5,000, KPT.  The  annual  production  is  85.x  10®  KTTri, 
of  which  25  x 10®  is.  gaiorptsd  in  the  winter  period.  An  extension  for 
a third  turbine  unit,  is  planned*  The  fl */»»  of  tbe  SGHRUB<4JK  is  also 
diverted  towards  the  puwerhous&  and  utilised  for  power  gendrauion. 


, (4)  STOB/tCH^kRK  III—  UTTSMDORF  PCT1BR  DEVELOPMENT- 


(a)  This  project  has  be®,  in  operation  since  1950.  A 
short  dis tanc e d owns  trean  f rom' ’SCHNEIDE3h»U  powerpiant,  a pondage  basixi 
impounds  the  tailfiuw  .of.  STUBACHWERK  II  as  well  as  the  retraining  flow 
of*  the  SUBACH  itself  . The  elevation  of  this  pondage  reserve  iri?. 
j30 G9*5  nuix.A*  The  -pend.  a sawable  weir  with  3 openiaga  and  1 bottcan 
outlet,  sluice  of  ths  following  dimensions t 


Double  sluice  gates:  4.28  x 1.65  m lower  leaf 

4.28  x 2.10  m upper  leaf  for 
weir  opening  a 


Double  sluice  gates*  2,10  x 1.80  m lower  leaf  for 


scour  sluice  op suing 


2,11  x 2,40  m upper  leaf 


(b)  A free  Surface  tunnel,  7300  m long,  0.01  percent  gradient, 
carries  the  flow  to  a surge  tank  at  elevation  1027  a.u.A.  From  there,  a 
4,00  - 3 ,60  m diameter  penstock  carries  'power  flow  to  3 turbines  in  the 
DTTEKDORF  powerplanv  (elevation  7§7=0  m.u.A •}►  The  utilized  flow  in 
the  UTTER  D0RF  plant  is  3 x 4.85  m^/sec.  * The  taifrace  is  at  791.0  m.u,A, 
elevation,  Effective  oower  capacity  of  the  plant  is  27,000  K3>  annual 
production  is  75  x 106‘  KWH:  utilised  head  is  230  m.  The^taiirafce 
(cross  section  4»  v)  x-4.50  ra,  500  zn  long)'  empties  into  he  STU^nCa. 


b.  ACHE  Fow&r  Sere  foment,  (Basis*  References  24,  32, 


■ • * - 


>.v  po,  ©•;,  oiy 


#-  \ 


(a)  The  KAPRUNER  ACRE  power  development  is  the  largest 
hydroelectric  enterprise  now  existing  in  AUSTRIA.  It  is  one  of  the 
six  groups  designed  for  comprehensive  power  exploitationjjf  the 
unusually  suitable  Alpiri^  region' known  as  SDHfc  TAUISN.  -piis  region  . 
covers  approximately  1600  km2  in  tie  high-located  ©antral  massif  6f  the 
AXIS  TRIAS  ALPS  • The  region  averages  2100  m elevati  on . It  ^extends  between 
the  SALZACH  and  ORAL1  Rivers  at  the  south,  between  BEFEREGGEft  GEBIRGE 
and  KRXMffiRTAL  in  the  west,  and  HAPFNER  GROUP  in  the  east.  The  hipest 
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peaks  in  these  mountains  are  GRDSSGLOCKNER,  3798  m,u*A.  and  GS03S 
VSiSDIGEK,  3360  m.u .A,  (See  F ’.(?♦  i,  Reference  3if  "age  325)  • • 


(o)  Only  -2  of  these  6 -groups  arc  located  in  the  SALZAGH 
drainage  area  on  the  north  slope  of  KSHE'TAUERN,  namely  s KAPRUNER  ACEE# 
vrith  124  Iws^  drainage  area,  and  the  proposed  EE1BERSBAC H-HOLLBRS  BACH  1 

Development  *r±th  174  km;-  drainage  are*,  STOB/^/ERK  I,  II,  III,  des- 
cribed  in  paragraph  A-- 03a  are  also  in  the  drainage  area  of  the  SALZACH  • 

Ri  ver  oh  the  north  slope  of  KOBE  TAUETN*  All  other  groups  are  located ' 

in  the  drainage  area  of  the  DR/IJ  River  on  the  South  .slope  of  the  TAUERN • l 

(e*g.  tho  MATREt  and  HtlBE’  developments  jf  thfe  0R4D  Basin)  ’ -j 

' • • j 

(c)  KAPftlfj  wR  AC  hi  originates  beneath  the  PA3TERZEN  GLACIER 
and  joins- the  SALZACti  on  the  right  side  at  ffci  152*54  near  KAPRJJN • Its  | 

course  through  a debt-  ana  steep  Alpine  valley  is  characterized  by  2 but-  < 

standing  horizontal  floor  areas.  One  floor  at  approximate  elevation  * 

1600  m.u. A.  is  called  WASSERFALLBODHv . The  second  is  MDSEHBODEN  at  an 
appro?jm&/fcp<A*®.v&^ a 2QCQ . m*u*A.*.  - Bo.th.?re ..urrisnally.'. suited  for 
development  uf  storage  reservoirs.  These  are  being  developed  by  means  i 

of  3-  dansr' 

j.  -4 ? •.  : ■»•*.*  . T ; . * . . * ? . * ••  -v 

1*  IKE  ERG  Dan  (WASSERFALIBODQJ  Reservoir) 

• 2*  HOEHENBURGBara^eat  (M00SEHB0DEN  Reservoir)  . : - ' ' 

2*  HOEHEtfBURG  Dam-East  (MOOSERBCDKf  Reservoir)  i 

• (4)'  Thfe  LSffiERG  Dam  wfes- built  in  the  parted  1947-19$!  and 

has  beal  in  operation  since  than  , It  serves'^  an  ' annual  storage 
reservoir  for  the  lower-  part  of  the  KAPRUNER  ACHE-  development.  ThO  jj 

ether  2 dsfea , HOEHETiBURG-West  and  Eastj  have  bean  umer  cons  t ruction  ' I 

since  195G,  nsrith  prospect  for  completion  In  1956.  They  serve  the  3 

upper  part  of  &/J21UNER 'ACHE  Dtevelopment . • - ■ 


(2)  ‘ UmBEkG  ^ . T Serial. No*  R-27 ) 

...»  "C  ’ • * • • 

{a)  The  LIMBERG  Earn  Is  located  at  the- north,  end’  of  the 
WASSERFALIBODEN  in  adeop>  and  narrow  ravine.  1 (See*  darn  sketch  on- 
Plate  9b)  It  is  a 'concrete  wasunry  arch  T&th  the  follow! rig  dimensions: 


U4,OC  u rueo/viA 


XUCfcX.^AAlJMin 


l + Q r*A  a1  Attn  , 

» uugf*  V.XO  Vt* 


Minimum  stage  elevation 


S/Vi>AXMlg  V4.V  twkW*v*<l 

T7^> '1  *1.2? 


Surface  area  of  lake 


Total  height  of  dam 
Length  uf  crest 
Width  of  crest 


16v  <.  in.UtA. 
lAmn  ~ « a 

AW|  v 5 

1590  m.u*A. 

1 CAf  yv»  *<»  A 

-.,/v^  iuiu;**? 

83.6  hn3 
153  ha 
120  m 
370  m 
5 m 


i 

S 

8 

j 


4 

4L. 
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(h\  Th=  total  annual  average  inflow  of  the  LIMBERG 


entrance  into  pressure  tunnel.  This  tunnel  is  706 0 m long.  ? *20  rn 
inside  dimeter,  (hulled , thro  ugh  nock  and  vaulted  inside  with  concrete 
and  lined  to  prevent  seepage.  Its  flow  capacity  is  32  m^/seo  t It 
empties  in  a surge  tank  located  at  MA33RuuEL  (1508.00  m#uiA«)  in  the 
SALZACV  valley  above  KAPRUN.  The  1700  m long  pressure  tunnel  is  luv 


j.nuex'- 


rupted'in  2 places  by  intake  structures,  in  order  to  receive  the  im- 
pounded flow  of  2 streams*  ZEFERETBAGH,  4*4  km2  drainage  ares,  and 
CtRUBACH,  .4,5  Ian2  area. 

(c)  From  the  surge  tank,  a 57b  ra  long  and  3»0  ra  diameter 
inclined  tunnel  leads  to  the  regulating  mechanism,  located  in  the 
•Talve  chamber*  From  there,  a distributor  divides  the  flow  into  4 
steel  nonstock  pipes  eacn  1200  xn  long,  1,3  m inside  diameter,  and 
1,15  rtr  cross  section  area.  The  penstocks  descend  into  the  main^ 
powerplant  in  KAPRUN i The  gross  head  of  this  part  of  KAPHUNER  A3  HE 
Development  is  889  m,  which  represents  the  difference  between  InrO  in 
at  LIMBERG  reservoir  and  781  m elevation  at  the  jet  outlet  into  the 
tuxidne  at  KAPKDK. 


/ J \ 

Vu/ 


»UU  U W - 


__-l  1J .i.  - 

I I I I . i triH  ij  ► 


urn.  vn  jjuL^i i<3  l u 


x_,  ine  po*»e*t»j  . 

Drovides  for  4 turbine  units,  2 x 45,000  KW  and  2 x 55,000  X*,  totaling 
300,000  KW  power  capacity.  Annual  production  amounts  to  a 


(.3)  MOOS ERPQDEN  Rosei-vQir* 


{'Serial  Nos.  R*-25.  Ri26,  ft-28) 


(a)  The  secord  stage  of  KAPHUNER  ACHE  power  ddvelops«n  t, 
under  construction  since  1950  with  acccmplisnment  planned  for  +955; 
utilises  the  tipper  part  of  th'S  strewn  by  means  of  i^OOSJSRBODEN 
reservoir.  The  first  Step  to  this  development  was  the  tapping  of  the 
sources  df  the  MGELL  River,  a tributary  of  the  DRAII  River.  This  part 
uf  the  development  was  constructed  in  order  to  utilise  the  outflow  of 
the  GLOCKENER  PASTEORZ  GLACIER  and  p£  the  LEITERBACH  (a  tributary  of 
the  MOELL)  for  the  purpose  of  XAPI5IJ  jwVns"  development  on  the  north 
side  of  the  H5HE  TATTFRN.  This  tunnel  was  completed  and  placed  -in 

«...  . ft.  . a JL i.i  _ • -3  — ^-.*1 Wj. 4.  4 *L  ♦hn  eWvwn  n rr 

operation  xn  xne  main  ?arT>  ox  uixxa  uovcxuymwiu  .*.« 

of  PASTERZ  glacier  flow  and  MOELL  River  flffv  by  2 dsms  (north  and 
south;  to  create  an  anuioiaiireaerwiy 

(b)  MAKGARIIZE  Reservoir « (Serial  No.  ifc-28)  has  3 hn3 

storage  capaci  ty  at *maximun  pool  of  2000,00  m*u.A,  At-  1990  m.u*A., 
the  storage  is  1^2  Tue  north  dam  *W0EL1SPERRE*  is  an  arch  gravity 

type,  77,0  m highj  110,0  m long  at  the  crest.  The  south  damJWAR- 
GARITZENSPERRE*  is  38.0  m high,  gravity  type,  95. 0 m long.  The  botton 
outlet  on  the  north  dam,  into  the  MOELL,  is  150.0  m long  nrd  2»2o  m 
diameter. 


O-tt 
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(c)  The  LEITERBACH  is  redirected  into  the  MARGARITZE 
Reservoir  by  — 1.3  krn  long*  CwiCLiiix.  of  2.2  m ctiamete-r’  and  3 nj'/ssc* 
capacity.  The  IC>EI£  conduit  to  ICAPHJN  has  2.60  in  clear  diameter, 

O.35  - 0.40  percent  “SXirnum  gradient,  17.0  nr'/sec  flow  capacity. 

(See  Reference  6,  OESTERREIE HISCHER  KATASTER  NDELL  III  7a,  also 
Reference  57,  Page  334  and  Reference  *^A)  Tne  transxer  c endu it  is 
11,655  m long  and  is  drilled  throng  the  massif  of  the  GR^SGIOCKITJER.  „ 
An  intake  structure  pi y Vxues  lor  transfer  of  the  KAES'ERTAL  flow,  (9.6  ktn* 
drainage  area)  into  the  conduit.  It  empties  its  flow  into  the 
M0GSERB0DEN  RESERVOIR.  3ecause  of  difference  in  elevation  between 
MARGARI TZE  LAKE,  (elevation  1990-2000  m.u.A.)  and  MD032RB0DEN  Reservoir" 
(2025-2035  nuu.A.)  a pumping  station  at  the  northern  end  provides  for 
the  lift  from  the  MOBIL  to  the  SAlZACH " drainage  area.  . - 


(d)  HQEHENBURG  Dama.  ^eat  and  East.  (Serial  Nos,  P-?g  & R-26) 
The  MOOS ERBODEN  . Reservoir  is  formed  by  means-  of  2 dans  of  gravity  type . 

The  East  Dam  is  proportionally  smaller  than  the  West  Dam..  HOEHEKSURG 
West  Darn  has  the  following  divisions; 


Crest  elevation' 
Reservoir:  storage 
Maximum  stage  elevation 
Minimum  stage  elevation 
Heigh  u SuCV G uhc  floor 

I*  ev  » nrirTTn 

- vi.  UMU  ..fc.yAA-H  W14  . 


2637  m.u«A* 
. 86  hnP 
2035  m.uvA. 
1953  m.u  ji, 
100  a 


(e)  The  water  storage  impounded  in  the  MDcoEIBODE*  Reser- 
vciir  is  transferred  into  a 4366  m long  pressure  tunnel  of  3 .20  m clear 
diameter  leading  to  the  surge  tank  located  above  the  LI?® ERG  Dam.  ,The 
flow  from  the  surge  tank  is  transferred  through  a 520  m long  pressure 
shaft  of  2.6  m diameter  to  the  powerhouse.  The  powerhouse  is  located 
partly  inside  the  foot  of  the  LE1BSRG  Dame  The  total  ^utilised  gross 
head  at  LIMB  ERG  powerplant  is  360  m.  max?  mum  flow  36  m^/sec.  The  tail- 
water  of  Hie  UMBERG  powerplant  is  transferred,  back  into  the  WASSER— 
FALLEODEI  Reservoir  , by  a pimping  installation  consisting  of  2 ptfnps 
each  76,4  m3 /sec  capacity.  The  power  capacity,  of  LIMBERG  powerplant 
is  100,000  KW, 


c.,  BAERPTWERK  Power  Development.  This  hyd r; electric  power 


WTtnmrtsn 


\~i  .i  J. 


aeveioreoenx  e^pj^ixs  xne  xxw  01  wi«  i uowiwv.  •=■  » baau 

trlbut  axy  of  - the  $klM C H at . Km  16Q  *3f  A bfeftl^trap  Viral r /iwpcuids  the  . 
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tunnel  impounding  the  flow  of  several  small  tributaries  of  the  r IvsCHjsk 
ACHE  leads  to  a 3urge  tank,  fran  which  two  923  m long  pressure  pipe- 
lines lead  to  the  powerplant  near  FIBCK.  The  power  units  consist  of 
2 Pelton  turbines  directly  coupled  go  two  1550  KW  alternators  and  one 
Pelton  turbine  directly  oouplad  to  a ‘4900  KW  alternator.  The  total 
capacity  is  8000  KW.  . 
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TAXFKBACH  (RAURTS)? Power  Development.  This  development  uses 
the.  lowest  stage  of  the  RAURJ3  ACHE,  a tributary  of . the  SALZACff  with 
^unction  at  Km  149=00;  .The  utilized  head  is  1-25  :m.  A free- flow 
tunnel  315  m long,  leads  to.  a 5?5  m long  penstock.  The  power  unit' con- 
sists of  4 turbines  of  6000  KW  poorer  capacity.  Annual  production  is 
35  x 10°  KWH. 

e*  QASTEINER  ACHE  Power  Development* 

(1)  The  GLASTEINER'  AGUE,  « ri  ght  side  tributary  of  the  SAIZACH 

at  Km  145*685  is  developed  for  power  production  in  2 .stages:  LS\T0  I and 
t mrr\  tt  . . * 

(2)  LB'IP  I.  (Serial  No.  ft- 29;  uses  the  lowest  stage  of  the 

G/lSTSJMER  ACHE  with  95  m head.  The  .stream  is  darned  and  au  300  m long 
tunnel  leads  to  a 240  m penstock,  the  last  90  m of  which  arejih  a shaft. 
The  power  edacity  of  LENB  i pcwerplant  is  1. 5 , COO  Annual  production 

30  x 10°  E/H. 


( 3 j jftriD  i.i  uses  the  upper  stage  of  GiU rETIlER  itCK/j.  above  X* 

The  uti  lized  head  is"l73  m and  par ror  capacity  is  7000  KST, 

f .  * GROSS  ARL  BACH  Power  Development. 


• • . . _ . * • • 
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SALZACH  at  Km  131.2.  Its  flow  is  exploited  in  2 stages;  GRloS  ARL  I 
and  GROSS  ARL  II. 

(2)  (BOSS  ARL  I (PLANKEN’ U)  is  a high  head  station  (100  m head) 
utilizing  the  seWnd  lowest  stage  of  the  GROSS  ARE.  BACH.  The  powerplant 
is  equipped  with  3 Francis  turbines  of  3200  KTr  power  capacity. 

(3)  GROSS  ARL  IT  uses  the  lowest  stage  of  GROSS  ARL  BACH. ^ 

Its  head  is  16 5 m.  Three  Francis  turbines  have  8.400  W power  capacity . 
Annual  production  is  43.5  x 10°  KTH.  • 

g,  AR'IHUKTERK  and  MUEBL  BACK  Power  Development*  ‘The  MJEHL  BACH 

is  a left  side  tributary  of  the  SAIZACH  at  Km  121.2.  This  povrer 
development  uses  the  water  of  the  MUBHL  tiACH  • . The  flow  is  led  through 
a 5 km  long  conauxu  to  tne  nexgnDorxng  o^uoi*j n va.ic,-  ” “ 

pressure  pipeline  leads  to  the  power  station  in  the  valley  belv«.  The 
head  is  19b  m*  rawer  ynxus  consxsus  ox  j nuwu  w*  ....  — „ . 

h.  AU.1?  BACH  Potto r Development.  (Serial  Nos.  Rr-31  ana  R>-30  . 

(l)  The  r3M  T .JH,  a right  tributary  of  SALZACH,  joins  it  at 
HALLEIN,  Km  81.  It  is  exploited  for  power  development  in  2 stages; 


WI73TAL  and  STHDBKLAMM 


b—xO 
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(2)  WIB5TAL  Powerplant 


(Serial  NOi  R— 3?)  constructed  In  the 


ex-iod  1910-1912,  is  located  14  Ion  southeast  of  SALZBURG. 


P 

doin. 


~i  ty 


(35  m high  and  69  m long  at  its  crest)  built  across  tlte  south  end 
of  the  .lESTALl  forms  a storage  reservoir  of  the  follor/ing  dimensions: 


Maximum  stage  elevation 
Minimum,  stage  elevation 
Storage  capacity 
Surface  area 


555.00  m.u.A, 

544.00  m *u  ,A  * 
7.5  hr,3 

103  ha 


A 1.23  toi  long  tunnel  leads  to  a surge  tank  from  which  2 penstocks  of 
322  m length  lead  to  the  powerhouse  on  the  left  bank  of  the  AIM  BACH. 
The  oov/er  units  consist  of  3 spiral  Francis  turbines,  two  of  1000  KW 
each  and  one  of  1700  KtY.  total  capacity  64CO  Kff.  Annual  production 
capacity  35  x 10&  K7K. 


(3)  3TRUB K1AMM  Powcrolant  (Serial  ho,  (R-31)  located  16  i<n  ESE 
of  SALZBURG,  was  developed  in  1932.  It  is  a high  head  installation 
utilizing  the  flow  of  the  STRU8  BACH  above  T7IESTAL.  The  utilized 
hydraulic  head  is  105  m.  The  STRUB  BACK  is  impounded  by  the  36.5  m 
high  and  36  m long  5 TRUBKTAM? ' Dam  equipped  with  a bear-trap  weir  forming 
a storage  reservoir  of  the  following  dimension# s 


mrlTT'  jTm  ^ 2 "L  ii  CTl 

Minimum  stage  elevation 
Surface  area 


< 'r>  /v.  — .«  * 

V-*0  $ W iil  * !-t  *4  ft  s 

Lea  rsr\  w>  f 

C ^ 

• J A4U1-' 

38  ha 


(4)  A tunnel  conveys  T/ater  from  the  HIM TERSEE  to  the  S 1RUB  BACK 
reservoir.  The  HBITEESEE  dimaisions  are: 


Maximum  stage  elevation 
Minimum  stage  elevation 
Stcrage  .eapacity 
Surface  area 


683.00  m.u.A. 

669.00  m.u.A. 
7.5  hn3 

95  ha 


(5).  From  the  intake  at  the  STRtBKLAMM  Reservoir,  a 2.45  km 
pipeline  leads  to  a surge  tank.  From  there  a 135  m inclined  penstock 
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P-04  SALZACH  RIVER  BEVSICR^fTS  IN  PLANNING  STAGE, 
a . FEI3ER53ACK-RQILERSBAC H Fewer  Development. 

(lj  i’his  development  covers  a 174  km.  drainage  area  of  the 
HOTTR  TAU3BN  and  is  planned  around  the  FELBERSBXII-HOILEESB.'CH.  both 
tributaries  of  the  S/LZACH,  as  its  main  hydroelectric  supply.  lue 
b powerplahts  which"  are  at  present  in  preliminary  stages  of  develop- 
ment are  as  follows": 


WET.SSENECK 

T'n-r'T^rr  »rn 

r 

HOL.LERSBACH 

H3NTERSEE 

VU-iS ERJA.lilJ  jLN 

;"i.L  1U1U.UJI 


11.000  1C! 
6.(000  1C? 

12'^  COO  157 

73. 000  KW 

62.000  YC! 
55*000' KT 


(2)  The  storage  reservoirs  to  be  built  and  which  are  designed 
for  332  htP  capacity  are  as  follows i . 
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SAALACH  RTA3R  DEVELOPMENTS  . 
(Basis:  References  67,  68,  69) 


a.  General.  The  SAALACH  River,  115  km  long,  is  v.ho  major 
tributary  of  the  SALZACH,  joining  the  latter  on  the  left  side  at 
Km  59.3  near-  VCCKENBERG.  From  this  junc  tion  to  Km  11.8  near  G0IS,  the 
SAALACH  forms  an  international  bounaaiy  between  AtSTRIA  (Province  of 
SALZBURG)  and  GERHl'Y  (Province  of  BAVARIA).  From  G01S  upstream,  to 
its  sources,  the  SAAL.CH  is  confined  to  German  territory.  SAALACH 
is  an  Alpine  river  with  abundant  water  supply'.  Following  are  the 
hvdroiogic  data  for  the  stream  taken  at  thf  JETTENBERG  'gaging  station: 


?/R  Average  1901-1936 
UR  (highest)  (1910) 
NR  (lowest)  (1928) 
MNQ 

NQ  (1911) 

MHZ 

HZ  (1920) 

HKj_ 


38.8  m3 /sec 

52.7  nr /sec 
OC  — -3  / ' 

9.6  m^/sec, 
6,0  nr /sec 

334.0  rtP/sec 

716.0  irP/sec 

800.0  m3 /sec 
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b.  SA.1UCH-R0TT  (FREILA55IHG ) Power  Development.  (Serial  No..  R-34) 

4 

(1)  This  power  develops  nt  was  started  in  1942.  by  .the  Germans 
and  is  at  present  being  canpleted  by  the  governnent  of  Austria.  It  is 
letted  at  Km  2,5  near  HOTT  on  the  Austrian  side  and  near  FREJ.LAS3ING 
on  the  Bavarian  side.  The  installation  is  of  new  design  called  "sub- 
mersible" powerplant e (See  Figs.  7,  11,  15,  Reference  68)  The  power- 
generating  equipment  consisting  of  3 .turbine  units  is  .placed  inside 
the  fixed  weir.  A movable  crest -gate  is  mounted  on  top  of  the  fixed 
weir  structure.  The  turbine  intakes,  equipped  with  control  gates , trash 
rack  and  emergency  closure,  divert  the  flow  to  turbines  with  shafts 
inclined  in  the  direction  of  the  axis  of  the  intake  conduits.  The 
crest  of  the-  structure  extending  across  the  entire  width  of  the  river 
serves  an  a gated  spillway  during  the  flood  period.  The  elevation  of 
the  fixed  crest  is  414*55  m above  sea  level,  and  of  the  top  of  the 
movable,  crest  gate  is  415*80. 

(2)  vinod  discharge  is  further  facilitated  by  4 discharge 
conduits  through  the  base  of  the  dam,  located  on  each  side  of  the 
conduits  serving  the  turbines.  These  discharge  sluices,  equipped  with 
segaent  gates,  also  serve  to  improve  the  power  output  of  the  plant. 

Thai  open  during  the  time  of  flood  flow,  the  jet  action  below  the  dam ^ 
deoresses  the  tailwater  and,  therefore,  has  the  effect  of  recovering  in 
part  the  head  that  otherwise  would  be  lost  due  to  high  tailwater. 

(3)  An  operating  gallery  within  the  dam  extending  across  the 
entire  river  channel  provides  access  for  servicing  of  the  installation, 
including  the  collapsible  crest  shutter  hinged  to  the  crest  o.t  the  weir. 
In  the  closed  stage,  the  shutter  dams  the  flow  to  elevation  415 « 80  n.u «A, 
which  is  the  elevation  of  the  upper  po  -1.  The  total  hydraulic  head 
utilized  by  the  installation  is  3.23  m.  The  mean  water  (IW)  flow 
utilized  in  this  powerplant  amounts  to  60  nx/ sec,  the  HHT.r  f lovr  tc  1000 
m3/secrt  The  installed  po..cr  capacity  of  the  3 turbine  units  amounts  to 

tCn>r\  t *:r 
pOuu  ivi  a 
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(1)  Thi3  development  i»  located  on  German  territory  in  the 
province  of  BAVARIA . It  was  constructed  during  the  period  1927-30* 

Thp  SAAT.ACH  is  damned  at  Km  20.69  near  KlBLING  by  a 77  m long  dam 
with  a pool  eleva+ion  of  486,30  m.u.A.  Backwater  above  the  dam  extends 
approximately  2.6  km  to  23*34.  The  pool  is  240-470  m wide  and  32u  m in 
the  niddle.  The  maximum  depth  of  the  pool  above  the  average  -‘  3vel  of  ^ 
the  river  bed  is  6.C  m.  The  total  volume  of  the  pool  is  3.456  hiw.  For 
power  generation,  there  may  be  utilized  2,5  m which  provides  1.847  hnw 

usable  storage. 
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(2)  The  dorr*  is  equipped  with  2 flow  regulating  gates.  One 
is  a 10  iii  wide  floodrate*  gate  with  sill  elevation  4S3 .5  m.u.A.  The 
second  gate  is  a ]3.6  m v/ide  bottom  outlet  vrith  sill  elevatie  477.5 

„ „ ,\  rr\u~  itt  r"*  n — . Or\r\  1 /cor' 
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(3)  The  power  flow  from  the  pool  is  conducted  by  a pressure 
tunnel  of  16  m2  cross-sectior.al  area  into  a powerplant  located  at 
KLRGHBSRG,  The  intake  sill  of  the  pressure  tunnel  is  at  elevation 
479.8  m.u.A.,  which  is  6.2  m under  the  normal  pool  stage.  ifnen  the 
stage  elevation  is  lowered  2.5' ny  the  flow  amounts  to  40  nr' /Sec.  At 
the  norrrai  stage,  there  exists  an  average  19.5  m ^iead.  The  installed 
power  capacity  is  6620  TOT  and  the  average  annual'  power  rapacity  is 
4780  TOT. 
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HYDRAULIC  DEVELOPMENTS  Lx  THE  TEATJN  RIVER  PAS  IN 


C-Oi  int  Ronrc  n on  . 

This  exhibit  consists  of  abstracts  of  technical  literature  con- 
cerning the  physical  and  hydraulic  characteristics  and  the  hydx-oU-Jc 
developments  of  the  TRAUN  River  Basin  of  the  AUSTRIAN  ALPS . Reference 
is  ir»de  to  paragraph  A-01  of  Exhibit  A for  discussion  of  tne  source 
material  and  other  reference  data. 

C-02  TYPOGRAPHY.  (Basiss  Rwfex  wjjioa  <->.  7,  >-*•/ 

a.  The  drainage  area  of  the  TRAUN  River  covers  parts  of  the 

at  7-vino  Eoreland,  the  Flys**  Zone  and  the  North  Limestone  Alps.  jThe 
area  is  characterised  by  numerous  lakes  in  which  the  TRAUN 
originates  or  througi  which  it  passes  on  its  course  tcRiras 
Several  lakes  are  also  located  on  its  tributaries.  Among  the  lakes , 
the  most  outstanding  alone  the  main  star  of  the  TRAUN  are:  TOEPLiJ.^, 

QSUriDL.  ALTAU53EER.  HALL3TAETTER,  and  C3SJNDE2I  SEEN  (Lakes).  On  the 
AQER  tributary  are  located*  &ELLERSE5,  MGNDSEE  and  A RSEE.  On  the 
ISCEL  River  are  FUSCHLSEE  and  HO  IF  GAN  GSEE  • On  the  GCSAUBnCH  are  the 
3 GOSAU  lakes.  The  AIMsEI?  is  located  or.  the  sight  side  /IM-KREM- 

tributary.  The  lakes  are  shown  on  the  river  basin  map,  Plate  2c. 

* 

b.  The  TRAUN  is  a north  Alpine  river.  Its  sources,  and  the  n&jor 
part,  of  its  drainage  area,  are  located  in  the  North  Limestone  Alps, 
part  also  lies  in  Alpine  Foreland.  The  Alpine  part,  known  *s 
SALZKAMTffiRGUT , lies  in  the  Limestone  High  Alps  of  the  DACHSTETI  Range 
(whose  highest  peak  is  2296  m.u.A.)  and  the  Totes  Gebirge  Mountains. 

The  Limestone  Foreland  portion  includes  the  HOELLEN  GEBIttGb  am  ^ 
TIblUNE  STEIN  Ranges.  The  Flysch  Zone,  which,  serves  as  a trans+uxon  -n-o 
the  Alpine  Foreland,  is  bounded  on  the  cast  by  the  flats  of  the  *- 
ENNS  Plateau,  in  the  west  by  tie  left  side  watershed  of  -he  HAUGKUCK 
Mountains • 

e.  The  'TJiuF  River  is  formed  by  the  confluence  of  3 streams  known 

as  the  KWKISCH,  GRUNDLSEE  and  ALTAUSEE  TRAUN,  which  originate  in  lakes 

— “ r ±V«o+-  kaoln  OrVU-ftflf)  m.U.A.. 
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extending  into  numerous  dead-end  valleys,  is  enclosed  t>y  mgn  m'wnwia 
ranges,  into  which  the" rivesr  beds  lie  in  BO- 100  m deep  gorges. 

d.  The  TRAUN  force-  its  flow  through  the  KOPPENTAI  Vallgf  between 
the  SARSTEB?  and  BACIB  TEIN  Plateau  towards  the  HALLS TAETTER  SEE,  In  its 
upper  part,  this  lake  is  clogged  by  sedimorits.  Th&  GOSAUBACH,  a left 
side  tributary  of  the  lake,  penetrates  deeply  into  the  DACH3TEIN  group, 
forming  the  3 GOSAU  Lakes  and  flowing  through  -very  steep  narrow  gorges 
in  its  lower  reach- 
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9 ....  rRAUI-;  flows  through  the  CC13ERN  aasin,  This 

consists  of  Jurassic  and  Triassic  layers.  rtcrossritDng  the  farthest  ex- 
tent of  tba  former  TRAUN  Glacier,  High  terrace  type  moraines  are  founu 
on  bo lii  sides  s^uth  of  GOISERN » Following  the  narrow  valley  of  LAUFE^ 
the  TRAuN  valley  widens  Into  the  TSfiflT.  Basin,  wh«r«  it.  Is  joined  by  Hie 
ISCHL  River,  the  outflow  of  WOLFGANG  SEE, 


b»  The  TRAUN  Valley  follows  then  the  dolanitlo  syncline  between 
the  limestone  masses  of  the  TOTES  GE3JRC5S  and  HOELIFN  GEKIRGE*  The 
widening  of  the  valley  at  the  junction  with  TrEISSEwBXIi  also  repre- 
sents the  area  of  the  farmer  TRAUN  Glacier,  The  Glacier  joined  here 
>7ith  (MJM)EK  LAKE  which,  at  that  period,  reached  470-480  m,u.A,  elevation. 
Since  then,  the  lake  has  sunk  tc  422  m.ujl*  an.  its  surface  area  has  • 
Considerably  shrunk.  Several  nuge  moraines  surround  the  northern  ena  of 
the  lake.  The  highest  of  these  is  at  PENCK, 


Os  Diluvial,  f luvlcil  gla« ial  gra.vel  fields  and  vaxl^ys  filled 
with  moraine  fans  extend  north  of,  TRAUN  SEE#  As  xar  as  LAMBACK,  the 
TRAUN  is  cut  into  diluvial  conglomer  ate  terraces  in  a deep  and  narrow 
carbon..  Below  LAMBACH  the  valley  f i nor  widens.  The  right  bank  is 
foimed .by  a 70-80  m high  and  steep  abrupt  slope  of  an  extensive  diluvial 
gravel  terrace  complex  on  top  of  SCHLIEREi'  base  knownas  TRaUN— ENNS  ^ 

Plateau,  On  the  left  bank,  the  WELSER  HE  IDE  which  extends  to  the  DALuor,, 
ani  the  SCHLIEREN  GEBIRuE  Doth  are  of  Tertiary  origin  with  Miocene 
scnlieric  marl  and  Pliocene  gravel,  . 


d.  The  geologic  survey  oi'  the  TRAUN  drainage  area  shows  that 
Triassic  form?. tions  cover  tte  major  part  in  the  Alpine  region,  Jvrassic- 
lime stone  marl  and  siliceous  schist  are  concentrated  ..in  the  ISCHL  Basin, 
Th°  Chalk  period  formations  (upper  Chalk,  Flysch,  and  lcwer  Chalk)  pre- 
dominate in  the  Flysch  Zone.  The  AlpinePfcrelssd  o?  the  lower  TRACK  is 
prndnminantlv  of  Tertiary  origin. 


• C-04  HYDROLOGY.  (Basis*  References  6,  7,  12) 


^ mu « Vs,*.<MmTAmv  m /iM'ingiM  area  is  lar^olv  influencad  1>V 

a«  luc  v*  v ' * - 

, • 4 • . _ _ . . . — »»•  1 . 

XI #*♦’  4-hA  ftl  ' swoamnp 

Uio  Afikx  g».u  iyryy  va  m»»w,  it  va  mu  ■ w* — 


-W-.  . .«  J .9  X £ „ — . .A.  - 

I M «unj^  biu;;  w 


uiiv  uw*  ^ w rrv  •**+*——  -T-  — — — * 

surface  runoff,  water  in  this  region  also  follows  a subtsrrar.s&n^ .ourse* 
Water  enters  underground  through  surface  cracks.  The  runoff  i»  thus 
delayed  an^  other  hydrologic  irregularities  are  created.  Cki  account  of 
tire  fast  moving  surface  runoff  and  resulting  lack’ of  evaporation  and 
also  on  account  of  the  restricted  cultivated  area,  the  runoff  ooefficient 
is  high,  reaching  30  percent  of  precipitation  for  the  Limestone  Alpine 
part  of  the  drainage  area. 
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b#  & ths  aaae  of  the  GCSSAflBACH,  the  subterranean  charact 

the  i'Tow  is  tjvj.JLei.tt.  Tbs  G03SAU  SEE  has  a 90  cxir  annual  inflow  , the 
outflow  is  3*9  hrr . -which  is  only  6 percent  of  the  inflow . The  rest 
of  the  x lew  reaches  the  TRAUN  Fiver  by  subterranean  passages.  S imx x?- r 
conditions  exist  on  GRUNT)!  $EE  where  the  ratio  between  inflow  and  out- 
flow is  60  percent  (16 .6  brr?  against  27.6  her5)*  In  ALTAUSEER. SEE  the 
i s 60  percent  (1G«1  “gainst  12.8). 
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c.  Follow  in  e intense  precipitation  or  sudden  snow  melting,  the 
flood water  effectsare  always  first  evident  in  the  region  of  VOECKLA. 
The  floodwave  formed  there  moves  downs treeen  and  creates  flood  condi- 
tions cm  tre  ACER  River.  It  usually  reaches  the  TRAUN  River  together 
with  the  floodwave  of  the  AIM  and  creates  tte  hi gi  water  conditions  up 
to  junction  with  the  DANUEE.  In  rare  oases,  whan  the  region  of  KRS»B 
River  has  nidi  precipitation,  only  the  lower  reach  of  the  TRAUN  has 
high  stages  ( approximately  corresponding  to  a 10  year  flood;. 


a-.  The  floodwave  of  the  AGER  proceeds  into  the  TRAUN  (from 

VOEDKLABHJCK  in  approximately  12  hours.  The  TRAUN  SEE  reaches  its 
highest  stage  the  next  day  and  delays  rapid  fall  of  stages  in  the 
TRAUN  below  STADL.  If  the  precipitation  in  the  TRAUN  Valley  above 
CMJND2N  is  very  high,  a second  rise  of  stage  may  occur  below  ST'ADL. 
Above  EBENSEE,  nigh  stages  are  the  result  of  the  small  tributaries 
and  not -of  the  main  stan* floodwave 'because  the  numerous  lakes  moderate 
the  discharge  rate.  This  retaining  capacity  of  the  lakes  during  the 
floodwater  period  is  considerable  • , . 

c,  The  flood  plain  of  the  TRAUN  River,  between  LAMB  AC  H and 
the  junction  with  the  DANUBE  was'  inundated  during  the  1897  and  1899 
floods*  when  the  discharge  at  WELS  reached  1750-1900  nK/seo.  Since 
then,  the  bed  of  the  TRAUN  River  below  the  WELSER  Weir  as  far  as 
MARCHTRENK  was  considerably  deepened.  The  effect  of  this  depth  in- 
crease made  overtopping  of  banks  by  floodwater  no  longef 
possible.  The  high  dikes  on  both  sides  in  the  lower  reaches 'also 
help  to  prevent  overbank  flooding.  The  constriction  of  the  valley 
created  by  the  dikes  has  - not  appreciably  increased  flood  ‘stages. 

At  EBSLS3ERG,  flood  stages  have  been  increased  0.2-0. 6 rn  due  to  con- 
&f  the  dikes . 

««•  • • 

n nr  truTYD  !utt  m c *nDTr»  'TT'p-CCS  Asia  als.  Ttef*  prpnftps  £> . 11  12 1 

XI  ii^XUiU  XJOfcy  W a- i i V — - - - - 9 • / r 

a.  General. 

(1)  The  TRAUN  River  is  regulated  and  controlled  over  its 
entile  course  by  means  of  a syston  of  extehslve  ftydrauxie  struct  urea , 
developed  progressively  in  the  period  3>ing.  back  to  the  Middle  Ages, 
when  salt  mines  of  SALZKAMMERdJ T, ( the  AUSSEE)  *rd  GRUNDLSEE  regions; 
supplied  the  major  part  of  central  Europe  with.  salt.  This^s^lt  was  ^ 
transported  on  barges  down  the  TRAUN  and  QANUB E Rivers.  Also,  ail  ex- 
tensive lumber  industry  in  the  TRAIN  area  depended  mostly  on  floating 
of  timber  rafts  down  the  nver. 
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(2)  These  developments  incite  bank  and  bed  revetment? > 

dikes,  groins,  mills,  lake  outlet  controlling  structures  (known  as 
sSeeklause5 ) . niutsrous  dams,  weir  3 and  locks  r eguls. ting  w.ie  xor 

navigation  of  small  craft,  raft  floating  and  power  utilization* 
Recently  the  v'hole  hydraulic  trj*  V—u  ol  lh“  TtiAuri  <<ivar  has  t?eo£;  rt»— 
vised  and  new  structures  developed  to  provide  for  coordinated  r$/dro— 
electric  power  produc  tdon , 

(3) .  Trie  lake  outieus  controlling  structure  (Seeklause)  of 
TOEPLiTZ.  GRUNDL,  and  ALTAUSEE  are  very  old  and  primitive  types,. and 
onerabie  only  at  medium  stages.  They  .Tave  to  be  opened  as  scon  as 
the  stage  rises  to  mean  higa  water  (MW).  They  cannot  be  operated  at 
nign  water  (Hff)  conditions.  The  most  rccort  of  these  structures  ia 
tfe  170IFGeAI'.tGSEEKLAU3E  in  STROBL,  which  was  r econstructed  in  1913 
wejr  can  be  operated  at  flood  conditions.  The  majority  of  the  flow 
result ting  dams  asi  iK^^igatioii  locks,  with  lew  exceptions,  consist  of 
very  old  tinker  structures  or  stone  and  timber  cribs, 

b,  TOEH.ITZ  SEEKLAUSE  (P-3 5),  controlling  the  outflow  of 
TOEPUTZ  SEE,  Sa  153.30,  m stage  718.05  m,u.A.,  HW  720.10  m.u.Ai 
The  area  of  the  lake  is  0,54  kms,  the  total  stored  volume  34  mr’, 
the  ngodtayum  depth  106  m,  mean  depth  62.4  me.  The  retaining  capacity  of 
the  lake  during  flood  water  ia  1.3  far  . 

o.  GEUftDL  SEEKLAUSE  (R-36),  a very  ancient  structure,  regulates 
the  outflow  of  the  GRUNDL  SEE  into  the  GRJNDL-TRAUN , The  drainage 
area  above  the  structure  is  125  ta  j the  surface  area  of  the  lake 
4.14  ih£  total  storage  volume  137.5  hr^>  maximum  depth  63.8  m, 
mean  depth  33.2  m#  The  retaining  capacity  of  the  lake  during  flood- 
water  is  10*7  hn3*  Stages  and  carrer-ponding  discharge  ares 


Stage  (m,u*A 


ix. 


Discharge  iro^/sec) 


Year 


nm 

TJGjf&r 

XVnVIrf 

707*53 

707.65 

1.10 

1920 

m 

708*06 

■3ft 

5.26 

1940-44 

mw 

708.99 

tTTIWf 

nn;i 

m Air 

f ,m  ft. -A-./ 

97  *b 

1897 

d.  ALTAI’S  SEE  KLAUSE  (R-37),  located  4.6  km  above  the  j motion^ 
of  Gol^ISEE  aril  AUS.™E~TRAuN.  It  regulates  the  outflow  of  ALTAUSSEST 
SEE;  Th?  sr>«A  t?  54*5  km^,  the  area  of  the  lake  2,09  km  , 

total  storage  volume  is  72^4t  ^>  maxirwrn  depth  is  49  m,  and  mean 
depth  4s  34*6  m.  The  retaining  capacity  of  the  lake  during  .floods  is 
6,1  hr'.  The  stages  and  discharges  or  the  lake  are*  >■ 
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Discharge  (rr 


711.39 

711.54 

711,91 

713.42 

714.20 


3.20 

75.00 


1897 


e.  ^IfvJAnOSEEaAUSE  (R-41),  in  3TRGBL,  located  on  the  I3CHL 
River  outlet'  Of  WOLFGANG  SEE,  The  ISOKL  joins  the  TRATJN  River  at  Kto 
103 « This  structure  was  reconstructed  in  1913  and  its  present  con- 
dition enables  «perati ’>n  during  KW  conditions.  The  drainage  area  is 
122.5  knrs  The  area  of  the  lake  is  13.2  lan2,  . the  total  volwne  619.2 
hm3f  niaxLimari  depth  109  ro,  mean  depth  ^47 *1  iru  The  retaining  capacity 
of  the  lake  during  floods  is  44.6  htn-%  The  stages  and  discharges  are: 


lpb  LT/uu. 


charge 


537.61 
537.80 
533*20 
53« ««9 
539.90 


Year 


1911 


1920 


f . S2EKLAUSE  STEEG  (R-39),  km  118.04-117.81  controls  the  outflow 
of  HALTS  TAETTSR  SEE  together  with  STEEGPOLSTER  Dam.  The  drainage  area 
is  641.8  tar.  The  KALIS  TASTER  Lake  has  6.5Sfcn‘  surface  area,  total 
storage  volume  of  556*7  7nr , 125.2  m majoraxm  and  64*9  m nwan  depth. 

It  retains  15.7  hz?  during  the  passage  of  floodwater.  The  stagey  and 
discharges  are: 


Stage  (rn.u.A.) 

NNW  507.64^ 
MVPT  507.73- 
W*  508.35- 
MHW  509.30 
HKW  510.66 


Discharge  (r 


7.20 

34o3G 

427.00 


Tear 


1925 


1920 


rne  SE5KLAUSE  atruBture  is  102  m long  and  has  11  gates , 2.9~4*2  m Wide 
and  1.2-1.45  m high.  Downstream  from  the  structure  is  located  the 
STE3GF0L5 TER,  which  i»  4 fixed  overflew  dan  112  a long  end  equipped 
with  83  liiovable  stoplogs.  Between  HALLSTAETTER  SEE  atri  TRAUN  SEE 
(CMUNDEN),  there  are  4 flow  regulating  dams  (See  Table  C-I  following 

Ox  fi  evVSMf.  \ t Clsr  AS  ftrdk 

GOERS  and  GRANITZ  POISTER  (Cam)  Bn  115.23-H5.04 
EESEL  POISTEP  (Dam)  Bn  114.64-114.00 

OOISFR'SR  TRAUNWEHR  (Dam)  Bn  113 .69-111.50 

AN  ZB  J AIT  POISTER  (Dam)  Km  110.52-109.62 


c-osf 


These  are  all  very  old  and  primitive  stone  and  tinker  crib  structures 
providing  for  diversion  of  THAI™  flow  to  anar*  rnill*- 

g.  TRAUN  SEEKLA’JBE  (R-43). 

(1)  This  dam  regulates  the  outflow  of  TRAUNSEB  (Lake),  k™ 
73.08-72.87.  The  drainage  area  is  1418  km".  The  lake  has  25.7  km^ 
surface  area,  2302  hn5  total  storage  capacity,  191  m maxiTiwm  and  89  >n 
mean  depth.  At  flood  conditions  the  lake  retains  90.8  hu3.  The  stages 
and  discharges  are* 


Stage 

(m.u.A .) 

Discharge 

(nr /sec ; 

Tear 

N1.7T 

421.89 

wiri 

9.5 

1929 

i 

421.94 

- 

— 

— — 

m 

422.44 

Mi 

76.98 

— 

MHW 

423.49 

- 

— 

— 

KHn 

! 425.44 

HHi 

1100 

1920 

(2)  The  TRAUNSSSKLAtBE  is  developed  as  a combination  of  2 darns 
in  angular  positions  across  the  street..  At  the  upper  end  is  a leek  3 m 
wide  for  upstream  navigation.  On  the  left  side  of  this  lock  is  the 
KOS SEIMJ KD7EHR  Dam.  On  the  right  side  of  the  dam  3re  located  2 other 
navigation  locks  of  which  one  is  8*75  m wide,  the  other  8*7  m 


(3)  The  KDSSELMJ HDVEHR  Dam  has  2 flcodwater  outlets,  and  also 
10  shutters^  of  15  i\i  total  width.  In  the  right  part  of  the  dam  are  12 
shutters,  16.6  m total  width,  above  the  2nd  lock,  and  14  shutters  of 
17.5  m total  width  in'  the  KURZMUIL  part  of  the  dan,  The  w&ir  1 ^ Wi-r”- 
by  a movable  0.18  m high  timber  cap* 
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prises  the  left. part  and  190  m the  right  part.  On  the  right  side  of 
the  dam,  the  millrace  supplies  2 turbine  units  of  the  KURZ  MUSHLE 
(Mill).  On  the  left  side  is  located  the  intake  into  the  KDS3EIMJEKLE 
millrace  operating  2 waterwheels. 


.'r\ 
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f**virr.  I’PATTMP.'SVi?  KT.ATTSE.  between  .Km  73.08  and 


®n  66.59-,  are  lpcated  the  following  4 asms* 


? t^->avo  AMnrtfnuO  vu.  flO  «f  f>  On  70 
• Vi^UJur/u4£AXi  isiiu  vvvutJiil^iuuk  iuii  r 

THER^:T?iTdAI..EEKSKR  Khi  1.13-70.79 

v HAASTOGWfEHR  ffin  69*36-69 .00 


The  last  two  structures  are  being  eliminated  by  the  reconstruction  of 
the  RADIMJEHESEHR.  Th?  upper  pool  of  this  new  develorment  will  sub- 
merge  the  !HE5tBSI BNTHALEHTEHR  and  HAMSTOCftfFRR. 


C— 6 


C-C5 


vls  FApilSJ EHIS1HR,  Sxn  67.36,  has  be®  under  contraction  since  1948* 
It  will  replace  the  old  MARIEJJ THALER8EKR  Dam.  KAIN2MJEHI^HR,  and  also 
eliminate  the  2 awns  muntioned  above.  The  new  structure  provides  for 
an  upper  pool  elevation  of  413.25  m.u.A.,  and  a tail  water  elevation  c-t^ 
407.2*5  m.u.A,  The  new  dam  is  to  be  a 50  m long  concrete  structure,  and 
is  to  have  2 openings  with  sluice  gates  10  m wide.  4-0  m Jeep » Tie 
bottom  outlet  will  be  3 m wide  and  5*5  de?p  = The  development  will  serve 

3 turbine  units,  two  at  26*5  nr /sec,  one  at  22.5  rrr/seo.  total  75  itP/sec 
capacity , 

i,  TaNZERiWEHLWSHE,  Km  64*94,  has  been  in  -the  process  of  recor*-. 
struction  since  1949  to  replace  the  old' primitive  fixed  overflow  dam. 
Because  of  the  new  upper  pool  elevation,  which  in  ultimate  condition 
will  be  elevation  407.24  m.u.A.,  the  other  2 dams  (EEIrc-niALEn^R, 

Km  66.44  ard  BxuJC KT.rJEHLWEHRj  Km  65*65),  will  be  eliminated.  The  new 
structure  is  being,  developed  as  a nruri--of-the--rxverM  weir  consisting  of  - 
27.5  m long  concrete  fixed  part  of  406*24  rnoU.A.,  crest  elevation, 
topped  ty  a l m ‘high  reclining  hinged  shutter.  On  the  .left  side  at  the 
“ixed  part,  are  -two  3.7  m.  wide  sluices  with  sill  elevation  of  403.96 
,u,A,  Two  floodwater  openings  each  5*2  m wide-  sill  elevation  403*96 
m.u*A.,  will  be ‘provided.  In  addition  there  will  be  2. bottom  outlets 
each  2.5  m wide*’  On  the  right  side  of  the  fixed  part  of  the  weir  are 

4 turbine  intakes,  52-60  vc? /sec  total  capacity  . Between IAN ZEfMJERIWEHR 

a~i  36.20,  there  are  7 fixed  overflow  dams  of  old  fashioned  stone 
and  timber  construction.  Data  appear  in  Table  C-.I  • These  dams  are 
as  follows;  • 


x> 

X 

ra 


yam 

KOHEffEHR 
STEIERNPJEHLWEiR 
0E-SC  HR0EPFT*/EKR 
SIEBENBMJN  NEHWEHR 
TRAUEtfFALIT/EKR 
EEMATBI  GERWEH  R 
IAMBACHER  3 PIN hlRET/JERKE 


River  Km 

64*45-63.55 
63.27-62.29 
61 .96-61 .33 
59.73-59*70 
59.50 

54.43-  54.17 
48.90 


.1.  17ELSER  "SEHR  CVTsir),  Sn  36*20,  is  a concrete  structure  of 
324.54  m»u.A,  crest  elevation  with  a three-section  i-eeliriing  shutter 
1,4b  m high,  29.5  long,  pemitting  raising  pool  stage  to  326.00  m.u.4. 
The  shutter  operates  between  2 odd  stream  pillars  and  2 side  walls . 

The  intake  structure  into  1 /i*3LS ER  MUEHI3ACH  is  equipped  with  a throe- 
section  sluice  gats.  On  the  right  side  of  the  weir  is  a 2,0  m wide 
fl""i  ladder  with  « mvi  rKp  ??ate.  A 9 m wide  flo  dwater  sluice  with 
o;  .rflow  sill  at  elevation  321,00  m.u.A,,  a gate,  and  also  a 5.00  m 
w-.de  gated  sluice.  The  intake  to  the  right  side  feed-water  canal  is 
13.30  wide,  equipped  with  5 sluice  gates  leading  to  the  r7ELSER  power- 
plant.  The  can  .1  is  2050  m long,  48.5  nr  /sec  capacity.  The  tailrace 
empties  into  the  TRAUN  at  Kin  33.95. 
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V,  The  MJEKLBACH  f Lofts  on  the  left  bank  of  the  TROT,  parallel . 
to  the  latter  and  located  outside  of  the  flood  area*  The  weirs  on  this 
canal  supply  power  to  32  industrial  enterprises. 


C-06  AGER  RIVER,  (Basiss  References  6,  12) 


a*  The  AGSR  River,  tx>gether .with  its  tributary ~ the  VOECKLa, 
has  a 1251  drainage  area,  it  is  the  largest  tributary  of  the 
TRAUN.  The  river  is  basically  of  the  same  geographic,  geologic  anti 
hydrologic  character  as  the  IRAUb,  The  AGER  basin  contui.ns  ths  follow- 
ing rtajor  Alpine  lakes » • • 


Lake 


tm.—  /i 

vuxunjg  \i*a 


Elevation  (m.u*A.) 


13*10?*  'iJT&'T**? 

X UUU  lUX/lbJ 

0 aa 

A.  V W 

ZELLERSBE 

3.47 

MCKDSFE 

14.2C 

ATTERSEJ5 

46.80 

oq.*: 
✓ ^ ^ 


663.59  • 


53.2 

510. 

3933.6 


554.  J-C 

481.03 

469.25 


b»  Between  the  Z h>T T .^Ift 5 E E outlet  ad  the  junction  with  the  TRAUN ^ 

The  AGER  River  is  extensively  developed  for  power  production  by  means  • 
of  did  hydraulic  structures.  These  are  mostly  fixed  overflow  weirs 
equipped  with  hand-^p&rated  sluices.  Side  canals  from  the  upper  pools 
supply  water  to  factories,  mills  and  municipal  p-wrer plants . 

c.  According  to  Oesterreicbisher  Kadaster-Ager  1950,  (Reference  6) 
the  following  installations  n^w  exist  in  the  AC-ER  River  basin: 


ZELLERACKE,  Km  77.27-70.25:  14  fixed  weirs  serving  16  small  mills 
SEEACHE,  Km  59*20-56*50:  4 fired  weirs  serving  5 factories 
AGER,  Kin  33.71-0,00  16  weirs  serving  28  factories  and  3 power- 
plants  (municipal) 
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r\n:  4.0  N.n 


Name  of 
Structure 


!$n 


Stage  * length 
Elevation  of 

Upper  Pool,  Structure 
Tailvxater  (m) 

(m  -u , A » ) 


SEEKLATJSE  STEEG  118.04-  508.35 

r-39  117.81  508.00 


STESO  POISTER 


117,99  508.00 


506,20 


GOERB  POISTER  115  .2>-  503.30 

114.97  501,30 


GRANITZ  POISTER  115.21-  503,30 

115.04’  * 501.30 


EISL  POISTER  . 114,64-  500.70 

134.00  498.70 


ANZUIAU 

POISTER 


11J.52—  484.90 

109.62  483.10 


a?  Tyoe  of  Structure 
b i Navigation  Locks,  raft 
passage 

c.  Industry  Canals,  Power 
Developments 


102 


a. 


b. 

c*. 


Lake  closing  structure- 
( Klaus e) 


Intake-  into  MUEHIBACH 
on  the  right 


112 


a, 


b. 

c. 


rixed  overflow  wooden 

Dam  with  S3  stoplogs 


39.19  a. 


Fixed  overflow  wooden 
Dam 


b. 

c. 


Headrace  intake  on  lefi 


As  above.  It  is  inclined 
With  GOERB  POISTER 


t . 
c. 


Intake  into  T-iUEHLBACH  on 
the  right  side 


136.5 


a. 

b. 

c. 


Fixed  overflow  Dam 


Intake  in  MuntinSACH 
on  left  side 


GOISERER  mm-  113.69-  496.70  34+45  * 

mKK  111.50  495.20 


& • 


Fixed  wooden  overflow 
•dan,  34  m long  and 
0,90  m high  reclining 
shutter 


**  w 

c« 


Right  side  intake  in 
GOISERER  MUEKI.Y.T'SSER 


a.  Fixed  overflow  dam 


b- 

r. . 


Intake  in  MUEHLBACK  on 
the  right 


TABLE  C-I 
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TABLE  C-I  (Continued) 


w--.-"..- v;  inrii^Wrr-nfc-1 


r/S0tssS£g« 


±=££Smfo<tfi» 


TRAUN5SE  KXAUSE 
(SEEI0J.U3E 
CMJND3! ) 

R-43 


73.08-  422.44 
72.57  421.20 


167-t  190 


*->  iT*.* 

35/ 


a.  TRAUNSEi;  closure  (KiAuSE; 

consisting  of  KOSSIMJEITT— 
T7EHR  (Dam)  & KU  ZZMUEHL- 
TTEHR  (Can,) 

b.  3 Navigation  locks  8.75, 

8.70,  8.50‘m  wide 

c.  On  the  right,  38.6*8.5  m 

. . long  weir  with  2 Turbine 
units.  On  the  left,  intake 
into  a millrace  with  2 

ifiP  Is 


GOOIMJHiL  and 
VOGISANOTTEHR 


72.49-420.85  85*120 


ha  nn 

t* co.p 


418.13 


a.  Fixed  overflow  Dam,  2 parts ; 

85  m left  and  120  m right 
side.  The  right  side 
70GL5ANGrffiER  34  flood 
shutters. 

b.  2 navi  gat  ic*n  locks, 

floating  passage 

c.  2 turbine  units  on  the  left 

side;  18  nr'/i ec  capacity, 
2.05  m head.  The  right 
side  power  installation 


no  f*+ 


out  of  cnrmission, 


THEHESIEF THALER-  71.13-  418.26 
"7EIR  70.79  416.26 


■»'»  25  wide 

j euuuudii) 


275  • &.  Fixed  overflow  dam  inclined 

across  the  river  (418.11 
m.u.A.  crest). 
flo.,d  outlst  with 
b.  2 navigation  locks,  7 m wide 
raft  floating  passage 
' » c.  96  m long  headrace  on  the 

left  4.00  deep,  2 Francis 
turbines  23.55  m^/sec.  ^0 
m long  tailrace 


RADLT.fTgiI,r/KHR 


I 


66.59-*  413.25  50+2x10 
66.29  407.25 


a.  Reconstruction  of  the  old  dam, 

Newjdtem  50  m long,  fixed 
overflow  weir  and  2 sluice 
gates  10  m wide  x 4.00  high 
each.  Bottom  •'utlev.  3*0  x 
5.5  m. 

b.  — ' 

c.  3 turbine  units;  26.5,  2 at 

22*5  nr/sec,  75  nr /sec 
capacity  • 


TABLE  C-I 
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TABLE  C-I  (Continued) 

tanzermj'sziletshh 

64,94  407.24  27.5 

+ 2x5, 20 
+2x3*70 

a.  2 flood  openings!  5.20  wide. 
2,18  high;  2 weir-  openings 
3,7  IT!  wide,  4*23  m high; 

• fixed  weir  27.5  m long, 
crest  4QC./--4  m.u.n. 

i v,-.  >vi  crh  rsr.1  ■Spl  ni? 

II  4-  Vi . *.i  ***  O _ — - — ■ W 

.t XX 

OliU  u i/CX 

c,4  turbine  units  52—60  w^/sso 
capacity 

KQKIHEHR 

64.45-  400.25  22+145 
63.55  396.80  • 

a.  Fixed  overflew  dam,  oblique 
• across  the  river 

b.  *1  lock,  .Raft  passage 

c.  On  left  side  29 § m long 

headrace  13  rrP/sec  flow; 

2 turbines  6.5  nVsec 
each,  3.20  m head 

STETaKSBHBiam 

63.27-  396.40  164 

62.29  393.10 

« 

a.  Fixed  overflow  Liam 

b.  1 navigation  lock  7,5  tn 
. wide  raft  passage 

c.  .4p0  m long  headrace;  2 ... 

Francis  turbines  2x11  irr/sec; 
8C  m long  tailrace 

GESCHROSFF’TEHP- 

• 4 • 

* * 

61,96-  392,70  65+70 

61.83  390.74 

a.  As  above 

b.  1 lock  3.55  m wide  raft 

passage  _ 

C4  53  m long  headrace;  26  irK/sec 
• . • . .flow  capacity  utilized  by 
3 Francis  turbines  8.7 
m^/sec  each 

SIEBEIBHUH  NER’.TEHR 
» 

cq.>7^_  A 7 

59.70  384*24 

a.  Roof  weir  16*0+16.8  m 

+8.5  (Raft  passage)  Sluice 
gate  3.0  m (bottom  outlet)* 
16.8  (intake) 

b.  — 

c.  Left  side  industry  canal 

16.8  m wide  50  re? /sec 
flow:  3 Kaplan  turbines 
16.5  n^/sec,  1000  HP  each 

« 

C-U. 

TABLE  C-I 
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TABLE  C-I  (Continued) 


TRABEtf  F'ALITiEHR 


59.50  384.34 
075*30 
(for  veir) 

382.66. 
366,33 
1 for  power — 
plan  t) 


155+21 


KEMATINGE] iTJEHR  54.48-  362,63  58+139.6 

54-'  X'?  3 il  • 43 


a«  155  m long  fixed  Dam  and 

20,85  m reclining  hinged 

'gate,  and  2 natural 
•waterfall  closures 
8.35  m vd.de 


b. 


1 navi  gat, ion  lock  cut  of 
corrrrd  s sion  ’ 

On  the  right,  523  n long 
tunnel  to  po’verplant 
30  m3 /sec;  4 Francis 
turbines : tai  Irace 
80  m long 


a.  Fixed  overflow  dam  with 

’ flap 

b.  Raft  passage 

c.  On  the  right,  headrace 

39  rv? / 3 10 C m long; 

3 Francis  turbines 

13  m^/sec  each, 

5.20  rc  head 


LAMBACHTR 
SPINNERErTERXE 
(Textile  Mill) 


48.90  351.88 
347.80 


109 


■7EL3ER  TRAUNTTEHR  36.20  326.00  3x29.5 

318.81 


b. 


a.  Fixed  dam,  0,30  m high 

wooden  removable  cap 

b.  1 lock,  raft  passage 
Co  505  m long  headrace; 

4 Francis  turbines 
total  16  m^/sec, 

990  HP* 

a*  A fixed  dam,  crest 

elevation  324.54  nuu*Ae, 
topped  by  3 reclining 
hinged  shutters.  1.46  m 
high.  Flood  gates, 
bottom  outlets. 

On  the  right,  2069  m 
long  canal,  leading  to 
power  plant.  48*5  rrP/sec 
caps  oily . 2 Kaplan  tur— 
b incs  | 14  • 5 nk  j sec 
each;  12  m head,  2 
F rancis  turbines , 14*5— 
33.5,  8 m head;  1 tur- 
bine 5.5  m^/sec  8 m 
head.  Tailwater  313 
m.ujl,  Tailraco  130  m 
long.  On  the  left  side, 
intake  in  MUHL3ACH, 

7 m" /sec  capacity  , 

TABLE  C-I 
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EXHIBIT  D 


HYDRAULIC  DEVELOPMENTS  IN  THE  SN' fG  RivER  BASIN 


D-Ol  INTRODUCTION, 


This  exhibit  consists  of  abstracts  of  technical.  lit era ture  con 
ceming  the  physical  and  hynraalic  characteristics  and  the  ^ynv— 
d e-cof opments  of  the  ENNS  River  Basin  of  the  AUSTRIAN  ALPS.  Reference 
is  made  to  paragraph  A-Gl  of  Exhibit  A Tcv  'iacussion  of  the  source 
material  arr;  other  reference  dr.t&o 

D-02  TOPOGRAPHY,  (Basis t References  6 4 12) 


a.  The  Wm  River  is  a 2 54  ion  long  ti  ^tary  of  the  DANUBE. 

If-  drains  60^0*7  km*'-  of  Austrian  territory  &ixi  originates  on  the 

north  slopes  of  the  LONER  TAUERf  southwest  of  RADSTADT. 

bc  Fbr  20  km,  to  0BERND0RF,  the  ENNS  valley  follows  a south- 
north  direction  tlisn  tarns  sharply  eastward.  This  west-east  longi- 
tudinal continues  for  102  km  t?  the  entrance  in  «o  the 

GESAEBSE  (fcrge  at  Kte  134.  From  there.  It  follows  tlie  15*5  km  long, 
narrow  and  very  deep  gorge  laioen  as  "GESAEUSE  SCHLILHT.*  This  &orge 
is  blocked  in  many  places  by  huge  boulders.  Below  HIEFLAU,  the  SNNS 
then  turns  sharply  towards  the  north,  continuing  to  be  confined  to  a 
rather  narrow  deep  valley' for  71.4  kru  Beginning  at  THWBERG,  Em  48, 
"it  flows  through  the  Flysh  Zeno  to  S'TEYR  (Km  32),  followed  by  the 
Alpine  Foreland  Zone  to  MAUTHAUSEN  on  the  DANUBE.  The  ENNo  joins  the 
DANUBE  at  Kin  2112-  (Kil*wi»trage  set  by  the  International  ijanu&i&n 
Cruwnission,  and  measured  from  3ALATZ  on  the  BIACK  SEA^ 

c*  The  ENNS  rate  21  tributaries  on  the  right  side,  the  largest 
of  which  is  the  90  km  long  SALZA  which  has  867  km  drainage  area. 
There  are  13  tributaries  on  the  left  side,  the  largest  being  the 
STEYR  (63  km  long  and  916  ten  drainage  area).  Another  left  bank 
tributary  is  the  MI TTEFN DORFER  SA]£A,  a 24  km  long  strewn  draining 
243  km2.  The  3ALZAWERK  is  located,  on  that  stream.  The  valleys  of 
4-va  i.ff  are  usually  short  because,  the  watersheds 

m-  close  to" the  river.  Many  longer  valleys  lead  to  the  right  bank. 


O-UJ  UCJJ  JUUUi 
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a.  The  uppe^  part  of  the  ENNS  valley  i*  of  calcareous  and 
ouartzr  p twill  tio  background,  Berlvit  schist  also  appears  in  places. 

WTACHAU,  the  wide  valley  floor  is  covered  w&tfcalluvial  sedi- 
ments. '*  * •’ 


d-1 


;2S^T  ,5?i'9S 


k.' < ( west  uo  w8r « ^m.T.  o of  uiu  2,’N3  is  c.  -..is- 

tiiiot  tectonic  furrcw.  cutting  chirp ly  in.c  the  neighboring  mountain- 
ous groups  along  the  east  and  northeast  failure  line  that  ferns  the 
boundary  between  the  lb  •-cstrr;--  NORTH  ALK . the  cry  stalline  CENTRAL 
ALPS,  and  tiie  gray  Tracks  sons.  Tertiary  sediments  ex  Land  along  the 

•<+  = ivi.ii!  /rs  ■■=>»!"> 

rv  v iu4*<  wi*  .i.  ^ 


1 W » i.\'(  UQ  w - j~i  m 4*  ■—  - — «a%  r%  ^ ^ _rL  ^ ^ m ^ ^ 

xt  *C  i-'*  i-!  * J. vit*wugu>  uitc  v/Wvaa*-**** Jr 


ourse  cn  its  cages, 
between  the  Liras tone  ALPS  and  the  grey  wacte  zone,  (See  Plate  4 of 
tnio  report)  . 


;o.  . In  the  QESAEU^E  GORGE, --the .■  .EHNS  valley Tb reaks  through 
: several  calcared«»  and  do Imi-tic  zones  such  as  'tfie  Daohatds  Limestone 
and  Rsmsau.BolcniiLe.  '-’Sv^^iera.jin  .this  yJrt*  df  the  ffiNS  valley  can 
be  seen  evidence  of  the  p?*t  'glacial  epochs.  The-  end  moraines  of  the 
previous  EN1J3  glacier varewaH,  preserved  in-  BtCEAbER  PASS,  in  KAJBLRAU 
PASS,  south  of  iPfcONT.  abet  also  at  GROSS  RAWING,  UWUL.  §»d  ST.  GAL1EN. 


d»  -^vfSi.  after  turi'Vir^  pprtix  ftt  KIEFLAU,  the  course  of  the  ENN3 
continues  to  break  'ttor^'^'y^esNS.-  of  tile'  NORTH  L22HS3T0NE  ALPS,  ranging 
f Star  ‘Triassic’  to  Upper*  Jurassic * At  TEWBERG  (Khv 4$)*  the  NORTH 
LIMESTONE  ALPS  ends  andthe,,ENN9  enters  the  Fly^h.  Zone- in  which  it 
. rejaains  up  to  STEiP.*  ' Here,  /prjgine  the-  Alpine  Foreland  of  Em&thofen 
diluvial  aedimeats  f^iiibl  terraces  covering  the  8«h34^r  background , 
Th^  diluvial,  terrafdea  sXt^d.iiirthor  Gowns  tresm  and,  Cpntain  xrKWtly 
quartz  and  cry3talliiie  oir  calcareous  nibbles,  covered  by  loess.- 

••  0^04  HYDRO  LOG?,  (Basis: References  6 12) 

a.  The  ■'SI!®  ' id  an  A^piqe  stream  depending  on  precipitation  in 
the  iiigh  mountains  but'  riot  by  melting  of  glaciers ».  ,,  Heaviest.  rainfalls 
occur  during  July.  and  August*  Lightest ■ rainfall*  occurs  in  Novenber  in 
■ the  upper*  and  riddle' ENN$  valley  and  in 'February  in' the  lower  ENNS 
Valley.  The  heaviest  precipitation  appears  around  1CKLADMING.  the 
lowest  iii  the  area  near  the  E^S-.Q/iNUBiB  j'inctlcHi. 


b.  Ohara cterit  tic  dischargee  of  the  ENNS  kivbr,  based;  wn  lung 
rahge,  average**,  v»y  be  kdlpaied  by.exaaxiiiiHp^’ttf  data  given,  for ’the 
gaging  statf.ouii',Jll®IKl  <r^i.i3^y  qnd  ,ST3^  (few  \ . 

1 o . At  WIG*  "thli  end.  of  the  longi  tudinalweSt-east  -course,  the 
mwdnium  dipchef«e'of  449  vPfoep  occurs  in  May,  This  corresponds  to 
53  liters/secAnr'.  The  annual  mean  discharge  (Ml)  is  69*4  nr’/sec 


Wt.t  a 


no 


. A,  At  STSTS  the  corresponding  figures  for  May  are  -337  TiP/aeo  - 
(without  the  SU5ETR-  Rivf&O  un4 .445  ^rj^ss  .(including  the  ;STEyR)',  ihe 
corresponding.^^  the  January^  ebrbary  period  ftre  103  and  &2R, 

ic^/sec,  respectively.  The  annual  Mi  are  177  and  225  nry'sec,  respectively. 
The  Austrian  Wasserkadaster  1950~Ehns  (Reference  6)t  gives  for  the 


annual  M2  it  STEYR  the  following  cist  hi 

40  year  period,  1909-48  183  m^/sec 

54  year  period,  1896-49  179  nr /sec 

This  corresponds  to  35*84  lit ers/s ec /" srs* « The  rnaxixrair,  discharge  in 
■this  period  was  in  1944  and  amounted  to  240*33  nr /sec  (yo  plus  34*2%). 
The  irdnisiurn  discharge  of  118.8  iP /sec  (M5  minus  33 .7%)  in  1898.  The 
absolute  maximum  (HH5)  was  2900  nr/sec  and  NNQ  34  nr/sec  according 
to  Reference  6. 

T 05  RIVER  BASIN.  KM  254  TO  ttfi  222 

(Basiss  References  6,  12,  28,  69) 

This  part  wf  the  3IN3  River,  in  the  Province  ef  SALZBURG,  sms 
developed  ir  the  period  going  back  for  sever **1  wenteries.  Power 
developments  s.re  priir*.  tive,  being  mostly  water  wheels  for  production 
of  mechanical  power.  Sb^'-II  milling  machines  are  coupled  directly  on 
the  water  wheels.  Only  exceptionally  is  the  converted  into 

hydroelectric  power.  Usually  a fixed  wooden  weir  fin  a few  cases 
equipped  with  movable  parts)  impounds  the  flow  anc  diverts  it  into 
industrial  canals,  on  which  are  located  several  industrial  enter- 
prises that  individually  utilise  the  flow  by  mean  of  mechanical 
water  wheels.  The  1950  ENN3  section  of  Reference  o lists  14  indus- 
trial canals.  The  largest  (between  Kb  235  and  23d)  is  the  LRHBAGH- 
ALTENMARKT  Canal,  a 547  km  long  canal  serving  sms'  1 industrial  enter- 
prises. The  maximum  utilised  flow  of  this  canal  s 2 m3 /sec. 

B-06  ENITS  RIVER  BASIN.  KM  222  TO  KM  93 
(Basis*  References  6,  12) 

a . General. 

(1)  The  sharmal  of  this  130  km  long  r -'-ch  of  the  EKNS  River, 
in  the  Province  of  STEIERMARK,  is  regulated  by  rtensive  curve  rectifi- 
cations, bank  revetments,  quays  and  other  means  of  bank  protection, 
particularly  where  the  railroad  lines  or  fcighw.  s run  close  to  the 
river.  These  ENUS  regulating  works  are  continuous  between.  Mandi.inG 
(Km  205)  and  the  GE5AEUSE  Gorge  entrance  (Xm  135). 

(2)  For  purpose  of  hydroelectric  power  development.  several 
projects  have  been  under  consideration  since  1922,  particularly  in 
regard  tc  the  so-called  "GESAEUSE*  part  of  the  ENNS  Rivet*  between 

Sa  134  and  Km  118.  This  reach  consists  of  a very  deep  gorge,  bio  deed 
by  huge  boulders.  The  first  part  of  this’ GESAEUSF.  gorge  is  3 km, 
long  and  has  a 30  m fall*  the  second  part,  betwei.2p  KUMERBHUECKE  and 
HIEFEAU,  is  8 ion  long  and  has  a 85  m fall*  From  there  on,  the'  BWN5 
River,  after  being  joined  by  the  SALZA  River  on  the  right,  makes  a 
sharp  turn  northward,  dropping  another  80  m in  that  25  km  long  course. 


• • --  ■ .....  i 
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TI)i-E  ®rN5  River#  frtw1  AUiONT  (Kn  141)  to  ALTSfr^AHKT 

(Ki'n  93),  is  especially  suitable  for  power  development.  The  HIEPLAU 
developnent  is  under  c instruction  in  ih:«  reach.  As  a part  of  this 
power  develop  ye**;..,  f iLZA-_?CiA?TWSBK  on  the  MITT^KNDCRFEH  s^LZ*  was 
constructed,  This  is  the  first  step  in  developing  a sei'iee  c** 
storage  reservoirs  In  this  part  of  the  Eft’-53  River,  ’ 


b . 3ALZA  • •-•  fclanrw* *'  *ZjZ'j *1  No* ' ^ ^ * 


- > >'  * 


• kaTerenb'**  6,  12,  23,  fc>9,  7?) 
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. . Jilts  dt-veiopraent  is  located  cn  +he  MI  TTERNDORreR  5 ALIA 
trihit&xy  of  the  INfS  at  Kin  181 .9*.  The  resin  part  of  the  davRloproen t* 
is  a concrete  arch  d*n,  bridging  the  jiarrpw. .SAHA  valley  (knovr.  as 
STEIN  PASS),  2 kn  above  the  mouth  nf  the  SAlSA, ' near  ST  2 MARTIN,  The 


Tirr. ' ttt1  . J xA£ _ eA^/>  t?  J.  ^ 

U’g-rjw  u btii  ajaa/o  nujfy 


A ^ ~ — . - - , 

- . '3-  % °vuuai  viwiio  w -c»3 

carried  out  in  the  period  from  1947-49*  TRs  dam  is  a •ynssetric&X 
4'-  ’-3J«ular  arch;  Ta  sftstoh  of  the  stinictaro  ’•appears  on  Piste  9n)» 
The  -dam  is  known  also  as  tIRiMMXNG' ‘Darn,  Its  main  dimensions  »re  as 

follows*  ! • ’ ' - • •'  • • ■' • 


771 /SC 

7i5’»06  w.r  .4, 


731.00  ’.n,UoA, 


Ifexininri  pool  elevatiqn 
■Minimum  pool  eldvaticni 

Stilling  basin  elevati-xi  

Sfehiage  oap®elfy  ••"  . I’lO.S  ' ha^ 

Lake  area;  1 ; ’ 26":‘  'ha  (80  re  ancthr 

fetal  heigfht  bf  "dare  53*0  in 

Dam  height  above  -iraLley  floor  5p,0  jm 

'Orest  length  12C>0  m 

Crest  vddth  4,0  m 


(2)  The  drainage  area  of  *the  SAL!^  Silver  at  ihe  dam  -- 
is  150  km*,  corresponding  to  14  5- to?  annual  discharge,  TT.c  m- 
high  water  flow  amounts  to  140  m?/sec,  which  is  carried  over  .v 

w for  tviWflr  nrorhifttS g#6  ibk/soc. 


crest.  The  utilized  flow  for  power  pro; 


'Uuv  WAVll  XQ- 


1 {$)  The  diversion  tWhei,  ^tfedjfSurtng  the  construction,  is 
located  bn  the  right  bank  of  the  reSerVciir  lake.  ItT  is  l6C  m long, 

1.08  m Inside  diameter  arid-  its  flow  capacity  it  ll  m^/aec.  The 
entrance 'to  the  emergency  diver sion-^nnei  is  ;eq,aip^d  trith.  .a  trash 
rack  with-'  Oil  'm;  spacing  ’felaawj’, -k7 valve  o?!i.b  m 

inside  diameter,  and  a cylindrical'  valve . This  tunnel  empties  directlv 
into  the  stilling  basin. 


(4)  The  Intake  structure  for  the  pressure  tu6x*el  is  developed 
on  the  left  side  of  - the  reservoir  lake.  It  is  equipped  with  a fine 
trash  rhek  at  the  inlet  and1  2 thfotti<  valves r'  each  1.95  m inside 
diajaater*  One  is  hand  operated,  the  peeped  operated  by  remote  Control, 
with  automatic  control  in  case  of  pipe;  break  * The  pressure  tunnel  is 
320  m long  and  has  ap: insldb'diarfih^^ '' n*.  Tt  #5>ties  into  a 478  m 
long  penstock  consisting  of "a  -'ttepl  pipe  of  1.8  m inside  diameter.  The 
pipe  crosses  the  SAI2A  River  on  2 supports  with  a 23,5  m span  and 
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nr  Vsec 

.aed  ■ 
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• ' The  propose  ' mi  ' features  of  the  four  weir*-  and 

- ' *1  in  ty^-  *•  /.v  otage  are  sunn*  risen  in  the  following 
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and  Powerc-lant  (Serial 

B-tU 

* oiopTOcTit  -KTss  constructed.  ill  one  perJ^fd  1942~5Q. 
~rui  -fsf--th«-rlTer•,  pcrrerplant,  oooalatiag  uf,  a.  . 
ps^.iss*,  each'  22*5  n»  wide.  The  outatipsding  .. 
*opfl»nt  is  the  location  of  the  po^sr  uaits  or. 

>,  close  tc  the  banks;  Another  important  . 
ga^ant  of  well'  openings  These  oonsist  of  upper/* 
T a fixed  pert  uf  the  weir  structure*  At 
«“  pArt  of  the  opening  is  5.5  3 and  equipped 

hlngad  shutter.  * The  bottom  opening  is  divided  ipio 
nj  wide  and  5.1  radiigh.  and  equipped  with  lifting 
fixed  middle  p*c*b  of  the;  TTSi?  is  14.4  ni  high.  The 
iht  of  the  weir  ard  gates  19  25  ,m.  The  2 upper 
v-Migh-flow  capacity  of  1000  nr /sec.  The  total 
>ity  o?  the  Wir.  uh«a  all  gates  are  open,  is 
00  according  to  another  source).  A sketch  of  the 
on  Plate  9e  of  this  i^euort. 
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d-cryt 


■'hy  The  ai.  at  el  vatien  371.0  euu*A..  extends  for* 

£.2,6  ’*&•  liGST.vasu  to  V:a  ani  > ia  200  m naxiawm  width,  25  m maxi- 

ma. dapth  au-  122  ha  ?or.:  . sg  area,  The  total  t. to rage  caoacity  is 
16  hft'%  of  which  j .:>■  ra;  .s  util:  .*4  for. power 'pipducti on  at  1.0  ra 
lowering  of  t-he  o^a.gfe  £v . 371*0  > 370*0  m.u*A« 

(3j  Ths  powerplaiit  con  .sts  of  2 Kapl&n  turbine  units 
coupled  directly  with  vcrulc*’  v-hro*iKi5..g3nsrai >crs*  The  tjv"i>.*-ne6 

each  hcv«  VO  r^iee  flow  a.v  T#000  KW  power  capacity  at:23.6  re  aeoi. 

« * . -j  • . k « 

o ; ' Weir  and  ?r-  mlant  (Serial  No,/  R?48J 

1 - * ♦ • . • 

(1)  % v .*  plant  wa;-  the  period  1942-49.  It  is 

located  at  St  V}*900  in  a ov*  ^ of' tbs  river,  forming  a river  bay  on 

the  left  which  wuh  used  or  plaoec»nt  ,cf  p<vrsr  units.  f 
* 

(2)  .’the  movable  wt£  * has  3 openings,  each  lb  m wide,  and 

oonsist4*€  4 s.  ncrstle  upper  art  ani  of  a bottom  outlet^  separated 
-a  vje  fixed  part  of  the  >'eir  dirueturs*  The  upper  openings  &J»  7 m 
high  an?  aro  ~ih  Jig  gates  wifc  a Arizen  tally  hinged 

shutter  cc:top.  Theflow  capacity  of  the  shutter  opening  is  300  nV/sec* 
The  railage  fixed  part  is  6.0  fc  higi,  the  lower  opening  of  the  weir 

4*5  B The  total,  height  of  the-  structure  is  17.5  e-  (See  Plate 

9e  of  the  report  for  sketch  ef  the  weir)*  The  flaw  capacity  of  the 
wieir,  at  full  opening  of  ail  .gates,  ia  3700  nv/sec  (or  4000  according 
tc  ether  sources).. 


(3)  The  upper  pool,  elevation  330*0  in»u*A*,  extends  7*8  km 
upstrevn  to  fin  55.70*  The  total  storage  capacity  is  5.1  hnv.  The 
utilized  volume  for" power  production  in  the  upper  1.5  m of  the  pool 
above  -.328.5  r rU >A<>,  is  0*8  hsr  • 

(4)  The  TEBJiBSao  parcarolani  consists  of  2 Kaplan  turbine 

units,  oach  of  which  has  120  nV/eeo  flow  capacity  and  15,$G£  »*  power 
nanaeity  *t  15-5  m mean. utilized  hydraulic  head.  -The  generators  ire 
coupled'  direct!^  da  U^  v^rticnl  shaft  dT  the.  turbines.  Because  of 
the  topogfsphio  location,  noth  turbine  units  are  in  the  river 

bay  pc  the  left  ffide ‘in  an  extension  of  tha  weir  structure. 

d.  3TANIW0  Weir  and  Towprpiant  (Serial  No*  ft-5l) 

• ■ • ' l ::  v -v  -:7 

(1)  This,  project  was  constructed  in  ths  period  1941-51  j with 
ap  internsotiop  from  1945  to.  1946  because  of  t4*>  ***••  Located  at 
&v  20  *b,  tiie  de^al^^nt  1a  scpstrup,^ed  as  s ■ran^pf-the-rivert  pc**ear- 
plant*  The  power  unity  are  located  on  the  right  rad  of  theweiar  :.r-dr, 
structure. 


(2)  The  mova'ale  weir  has  5 openings,  each  17  ra  wide,  and  is 
arranged  similarly  to  thoE e at  GRDS 3 RAMJK G and  TERSB3R0.  It  consists 
of  upper  and  lower  parte,  equipped  with  gate.  , and  a fixed  middle  part. 


dr-7 


The  upper  open irigs,  ;4i'0.iS  Mgh;  k&'e&fpP**  ***$  ga^- 

wiiich  mey  be  used  4't  .tf*  sate  3W' .as  ^rg«^«lc?6uj»e:  for  tis  bo*+~i 

: lpa::  *nps  f\?  ^ rf’  !•* V- . i ■r^jr. V flliiJIlTG  OSl  vJlB  b^tt‘^5*  O^V4^X*&£^3  is 

by  «ans 


«•*?  t'?.'  we; 
of  a SggTiwi 


iirl  ^ogular  'closure  of  ‘the;  bo'tisrv'  i 

neat  sttittir'2.3  rt/hi#>.  P ™ WA* J $*£  *!*•»**  WW 


« Ji *i  - 

,lQXO 


part  of  the  veir  is  6.0  m Mgh.  " ‘Ti#  total  height. of  tte  vei*  •'!*  1?=*  m, 
sit*  of  tfe  u^sr  openings  i»  VgOirffap ^ ?ul1 


The  flow  ctvp&aity 
openings  of  all  g 
ing  to  other  sources 


openings  of  all  gates.  tte**eir  oari  release  3350  vP/set r'fcfr  J500  APcerdU 
rces) . A ’siaeteh  of  th4  is  shown  oh  Plate  9e» 


(3)  The  upper  pool  elevation  .of  232,0  rfl,».A.  ea^eede  9.72  km 
upstream  to  Bn  29.72.  Th*-tb«fcl  S5^  %*  eapaoiv/- ^f  the «ppsr  pool  is 
10  rnK.  me  vpper  1.0  n above  elevation  329.0  mu *A.  provides  2,0 
utilized  stora^e’fiir  tfowwr  p*>3&$tioni 

(4)  The  powerplant;  lora^'at-  t&  rigffc  ihd'nf  therein 
structure,  consists  of  three  Kaplan  turbine  units,  each  100  m-Vsec 
flow  capacity  ar-4  'll  .ono  gy  pcT^cr  -capsci^  At '"13.5  m util5s.eci  hyure.ii lie 

h sec.  The  turbines  have  vertical  t fi*fta  ted  a*e  directly  coupled  to 
gtesrators. 


ua=iu 


jttADIRu  Weir  ahi~l>cWerph»nt  (Serial  K0  <,  jW52) 


<1)  This  hyttoelddtric  stMoturp 

1941-52,  with  a wartime  interruption  dtffl ng  2&45  is'  located  at  Bn  13.80. 
loped  aS  a *ruiwif-the-idvdr*  powerjilant,  it  cm*  leva  of  a’  movable 


ir  vo< 


weir  and  a poserplant.  The  latter  is  located  on  t ie  loft  side  in  an 
extsisi on  of  the  weir  structure.  The  total  length  of  the  structure 
is  170  m. 


(2)  The  weir  has  5 openings,  iiseh  l7*25vin  wide  ted  9 m higb. 
The  openings  are  closed  by  means  of  double  sluice  rook  gwteai  Tne 
upper  leaf  is  3 m And  tpe  .lower  leaf  6 m high*  ^ The  fleer  capacity  of 
the  upper  l-'sf  openings  at  3 m head  is'  1250  nr  /3fO  mp,  ?he  to ta^ througb- 
fiOA  capacity  bf  the  wtir  it  Tull  cpeaaiii?  if  b6th  l^A^es  is  3900  vP/seo, 

(3)  The  tipper  tenldl  eta  tide  ^ asidjCP  mstuA;  j extteds 

up strewn  to  Bn  20.0,  The  pool  his  k 5.0  h^wteage  oddity  of'teich^ 
1-.0  hn^  in  the  upper' 1.0  m Above  elevation  267*0  Buti,A.  may  oe  utilised 

frr  nrarer  nroduetian. 

— — A 


(4)  The  powerplant  at  tdOffilHADIHG  has  4 turbine  units,  sash 
75  m*/*»  flow  «d  din*  W power  ospa^t/.’:  '7*»  >«lvarips 

between  5«55  m n&tdttum  to, 9.; 53  w maiiawte  fte  beii^  9.0  re. 

*HSrrTAr  Vi  other  pt^rjflaftts -’o«  the  lW®»  ^e  tafmnes  nave  vertloax 
shaft#  ted  ai*e  coupled  directly  onthe  gcaseratcirs* 
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